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I. INTRODUCTION 



In exDsr imentat i on and data analysis two major 
assumctions often required for hyoothesis testing and 
estimation are (a) random sampling, and (b) assumptions 
about the di str i but i onal form of the population from which 
the data were sampled. If one assumes random sampling from 
a population v*jhich is of a certain parametric form (e-g., 
normal) then statistical inferences can be drav^^n using 
parametric analysis (e.q., the t test). On the other hand, 
if one assumes random sampling without making parametric 
assumptions about the underlying population, then 
nonpar ametri c statistical tests can be used (e-g,, the sign 
test). These assumptions mav' not be valid in many 
practical experimental and data analysis situations, making 
the associated statistical tests of Questionable validity. 

Randomization tests are statistical tests of 
significance that dc not require random sampling or 
parametric distributional char acter i sti cs. In 1935, R. A. 
Fisher first demonstrated the use of r andomi cat i on tests in 
an experiment involving “sensory di scr i mi nat i on “ between t*wo 
treatments CRef . 1]. The experiment was described as 
foil ows: 

A lady declares that by tasting a cup of tea made with 
milk she can discriminate whether the milk or the tea 
infusion was first added to the cup .... Our experiment 
consists of mixing eight cups of tea, four in one way and 
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four in thie other, and presenting them to the sud.iect -for 
judgement in a random order . . . , Her task is to divide 

the S CLID5 into two sets o-F 4, agreeing, if possible, with 
the treatments received. [Ref. 1 j 

Given 70 wavs of choosing a group of 4 objects from 8, 

Fisher argued that, since the cups were presented in a 

random order, each of the 70 wavs could be chosen bv mere 

chance with a probability of 1/70. He then supposed an 

observed outcome of 3 right and 1 wrong. Based on the 

limits of a null hypothesis that the subject possesses no 

sensory di scr i mi nat i on as claimed. Fisher noted that the 

'observed' outcome could have occurred in 16 of the possible 

70 ways and that a better result, 4 right, could have 

occurred in one additional way. Fisher therefore concluded 

that the significance of the supposed outcome was 17/70. 

[Ref. 13 

Since Fishery’s demonstration of their practical uses, 
random! cati on tests have been applied in a variety of 
statistical contexts. These applications include <among 
others) the two sample comparison of means. analysis of 
variance, analysis of covariance. tests for correlation, 
tests for trend, and regression analvsis [Ref. 2: op. 
327-3343. In general, randomisation test procedures involve 
(a) repeatedly dividing or permuting the experimental data 
(and for this reason random! z at i on tests are sometimes 
referred to as ps-rmatstion tests), (b) computing a test 
statistic for each division or permutation, and (c) 



comparing the observed experimental test statistic to the 



=tiati3tic= obtained -fr onn tha permuted data. CRe-f. 3:p. 
13. 5ince these nroceduras invol'/e repeatedly dividing or 
permuting the data, they typically require a significant 
amount of calculations for even relativ'ely small sample 
sizes. 'lonsequentl \', practical apol icati one of 

r andomi c ati on tests have met with opposition CPef. ^:d. 3^1. 

Furthermore. randomization tests are either neglected 
entirely or receive only cursory attention in many 
statistics tev tbool--:s. 

The purpose of this thesis is to reviev^l the general 
conditions under which r andomi cat i on tests may be employed, 
to illustrate whv the opposition to using r andomi z stt i on 
tests mav be well founded, and to identify alternatives or 
appr Qv 1 mat i ons which mav be used in lieu of randomization 
tests. Specific random! zati on test procedures are examined 
for the case of the tv^o sample comparison of means and 
one-wav anal'/sis variance. For each, Monte Carlo 

simulations are used in an effort to examine (under selected 
conditions’^ the size, power, and robustness of r andomi cat i on 
tests as compared to other tests of significance which have 
hi stci-^i cal 1 V been used in these situations. In this thesis, 
povger will be referred to as a tests ability' to detect a 
-f^alse null hypothesis. Also, robustness will be referred to 
as a test’s ability to correctly identify a true null 
hypothesis under changes in sample sizes, sampled 

distributions, and sampled distribution parameters. 
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I I • PRACTICAL APPLICABILITY QF RANDOMIZATION TESTS 
A. DISCUSSION 

In Dertorming randomization tests, the significance 
level is derived from a comoarison of the calculated test 
statistic with the test statistics obtained from reoeated 
cermutations of the data. Therefore. these tests do not 
depend on oarametric distributional character i sti cs of the 
observed data and are considered di:rtrzbut 2 or)-free tests. 
Like other tests of significance, they require certain 
assumotions and a priori criteria before valid statistical 
inferences can be made about the populations from which the 
experi mental data were sampled. The purpose of this chapter 
is to discuss these assumptions and to compare them with 
those reouired for other tests of significance. We comment 
on the opposition to using randomization tests, followed by 
a look at alternatives or appro:; i mat i ons historical Iv used 
in lieu of randomization tests. 



B. RANDOM US. RANDOMIZED SAMPLES 



Edgi ngt on 


and Strain CRef. 4:p. 


991 


have argued 


that 


randomi z at i on 


tests are the only 


va lid 


stati sti cal 


tests 



when randomized samples have been obtained. To gain an 
understanding of the difference between random sampling and 
randomized samples, recall that a random sample is a 



‘seauence of 



n 



independent and identically distributed 



random variables Xi, . . , , Xr>.” LPef. 2s d. 62 D In 
practice, data are drawn from a population using some formal 
method, such as rolling a die. drawing numbers from a table 
Q-f random numbers, or calling a computer random number 
generator. For finite populations, random sampling theory 
reauires that each member of the population must have been 
eau.allv likely to have been chosen in the sample [Ref. 2 ;d. 



When experimental subjects are not randomly selected but 
are randomly assigned to treatments, then the observed 
experimental data represent ravdov)! zed sampi es . In this 
case, parametric tests based on random-samp 1 i ng models are 
not valid CRef. 39 D. The validity of randomization 



tests under the assumption 
illustrated bv examining 
previously described, the le 
r andomi zat i on tests is found 
statistic to the test statis 
data. For e^cample, in F 
statistic was the number 
•’observed test statistic*’ (3 
derived from the supposed ex 
1 wrong. This observed test 
all possible wavs in which 
occurred - 0 right in 1 wav, 
36 ways, 3 right in 16 ways. 



of randomized samples can be 
the general procedures. As 
vel of significance obtained in 
bv comparing the observed test 
tics obtained from the permuted 
i sherds exper i iTient , the test 
of correct responses. The 
right) was the test statistic 
perimental outcome, 3 right and 
statistic was comoared against 
correct responses could have 
1 right in 16 wavs, 2 right in 
and 4 right in 1 wav. 
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The test 



5tati5tic= derived from the oermuted data. constitute a 
discrete distribution (sometimes called the reference or 
ravcomizetion distribution CRef. 5:pD- ?4-97]) -from which 
the si gn i -F i cance level may be obtained. The permuted data 
constitute a discrete sample space of which the experimental 
outcome is a member. If subjects were randomly assigned to 
treatments, then the observed experimental outcome is 
equally likely to have been any member of this sample space. 
Thus, the requirements of random sampling theory are 
indirectly satisfied and valid statistical inferences can be 
made . 

In many practical experimental situations it may be 
impossible to select random samples from a given papulation 
about which statistical inferences are to be made. In this 
case randomized samples mav be a viable alternative and 
randomization tests may be applied. For example, consider 
an experiment in which it is desired to test whether the 
average course grade given by Professor A is greater than 
the average course grade given by Professor B. 
Theoret i cal 1 y, if random samples are to be taken, then the 
populations from which the samples must be randoml v selected 
are all the students who haue taken and completed the 
courses together with all those students who niII take and 
complete the two professors" courses- Random sampling from 
these populations is infeasible and a statistical test which 
assumes random samples may be invalid. However, the method 
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ot r andDiTii zsd samples could be used- In this case, a group 
of students could be selected (not necessarilv at random) 
and randomly assigned to take either o-f the tv^o courses. 
The observations obtained from the exiperiment represent a 
randomized sample and a randomization test could be used to 
male statistical inferences about the average course grades. 

C. A PRIORI CRITERIA 

As in other tests of significance, when oerforming 
randomization tests the hypotheses and a test statistic 
applicable to the hypotheses must be chosen a priori. 
Furthermore, if a decision to either accept (or fail to 
reject) or reject the null hypothesis is to be made, then 
the commonlv used Neyman-Pear son procedure for hypothesis 
testing (involving T'/pe I and II error rates) recuires 
selection a priori of the significance level (e.g., ,05). 
[Ref. 61 

D, OBJECTION TO USING RANDQN I 2 AT I ON TESTS 

The major objection to using r andomi z at i on tests in 
their early development was the number of calculations 
reauired to perform them [Ref. 4 :d. 89]. Randomi z at i on test 
procedures require that the observed data be repeatedly 
divided or permuted, and that a test statistic be computed 
for each division or permutation. Then clearly, the number 
of cal cui at i ons required in performing a randomization test 
is directly proportional to the number of divisions or 
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DeriHLitations, Since cermut at i one (actually combinations) 
are involved, then the number oi calculations required to 
oer-form a r andomi z at i on test increases verv' raqidlv for even 
small sample sizes. 

For evcample^ consider the "average course grade" 
experiment above- An appropriate test statistic for the 
comparison of two treatment means is the arithmetic 
difference in means- Suppose that 10 students are selected 
(again, not necessarily at random) and randomly assigned to 
the two prof essor s*" classes- Assume further that 5 students 
are assigned to Professor A"s class and 5 to Professor B’"s 
class, and that at the conclusion of the class period, a set 
of grades is observed. From the observed grades, a 
difference in means is computed- This difference serves as 
the observed test statistic- In this experiment (as in 
Fisher*" = experiment), determining the significance of the 
observed test statistic requires determining test statistics 
for each way in which the observed grades could have 
occurred. This involves the number of ways in which 10 
objects can be assigned 5 at a time which is 10!/5!5' or 252 
wavs. For each of these 252 ways, a test statistic (the 
difference in means) is computed- Although this may not 
seem to be a significant number of computations, consider 
cases where the sample sizes increase- For two groups of 10 
students each, the computations become 201/10! 10! which is 
184.756. For two groups of 20 each, the result is 
approx. 1 matel v 1-38x10^^ diffe^rence in means computations. 
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As the above numerical eKanriDlss illustrate, the number 
of combinations and the subseauent calculations (.^^hich ma'/ be 
reauired in performing randomi cation tests increases auite 
rapidlv with increases in sample sice- With todas'-s high 
speed computers, the above example calculations seem less 
f ormi dabl e. However, compared with other parametric and 
nonpar ametri c tests, the computer time and costs reauired to 
perform randomi cat i on tests continue to have some impact on 
their use in practical applications. For example, for even 
an extremel'/ fast computer, the last result obtained above 
(1.33x10^^) could well represent a substantial amount of 
computer time and costs. Therefore, the objection to using 
randomi cat i on tests for even moderately siced samples 
remains, and, depending on the specific circumstances , the 
use of other tests of significance may well be practical 
alternatives as approx i mat i ons to randomi cat i on tests. One 
such alternative suggested bv Dwass CRef. 73 is the use of 
approximate .^andomi zation tests • 

E. APPROXIMATE RANDOMIZATION TESTS 

Approximate randomi cat i on tests are r andomi c at i on tests 
in which the significance level is determined from a subset 
of the test statistics making up the reference distribution. 
That is, randomly selected permutations of the data are 
obtained and test statistics are computed for these 
permutations only. The test statistics which result from 
these randomly selected permutations make up an approximate 
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randomization distribution from which a level of 
significance can be obtained. For eKample, instead of 
computing all difference in means above. a 
considerably smaller number of randomly selected 
permu.tat i one. say 1000, could be obtained and difference in 
means computations made for these randomlv selected 
permutations only. Then, a significance level could be 
determined using these 1000 test statistics rather than all 
1.3S:;10’-‘ statistics. 

Since the significance level obtained by this method is 
based on a subset of the reference distribution, it is an 
approx imati on to the significance level which could be 
obtained using the entire reference distribution. Edgington 
CRef, 33 showed that for a random sample of sics 1000 (an 
arbitrary choice but probably based on research bv Dwass 
CRef. 73), an approximate r andomi cat i on test would result in 
the assignment of a significance level of no greater than 
.066 with probability .95 when the exact random! cati on test 
would result in a .05 significance level. Furthermore, 
research bv Edgington and Strain CRef. 43 demonstrated that 
considerable savings in computer time and costs could be 
realized using a 1000 sample approximation rather than the 
exact random! cat i on test. The conclusions reached bv these 
two studies indicate that although the significance level 
obtained bv this alternative method is still an 
approx imati on to the significance level that could be 
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obtained bv using the entire r andomi z at i on di str i but i on , it 
is a viable al ternat i v's to the r andomi z at i on test when the 
randomization test mav be imoractical due to eircessive 
ccmouter time and costs. 
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Ill, TVJQ SAMPLE COMPARISON OF MEANS 



A. DISCUSSION 

The Durpose o-f this chapter is to detail soeci-fic 
randomisation test procedures applicable to the two sample 
comoarison ot means. Included are a discussion o-f the 
method o-f permuting the data and appropriate test statistics 
which can be used. The method o-f comparing the observed 
test statistic to the test statistics obtained -from the 
permuted data to arrive at a level o-f significance is also 
discussed. Additionally, specific al ternat i ves are 

identified and the specific simulation methodologv' used in 
examining significance levels obtained from the 
randomi cati on test and alternative tests is described. 
Lastly, an analysis of the results of the simulation is 
i nc 1 tided . 

B. SPECIFIC RANDOMIZATION TEST PROCEDURES 

Specific procedures applicable to random! cati on tests 
for the two sample comparison of means require: 

1. A specific method of permuting the data. 

2. A selection of an appropriate test statistic. 

3. A specific method of comparing the observed te 
statistic with the test statistics obtained from t 
permuted data. 

Each of these specific procedures is detailed below along 



with an example 



IT \!\ 



1 



Permuting ths Data 



In per-forming randomi z at i on tests for the tv^^o sample 
comparison of means, the observed data are permuted acro'ss 
e£^ch treatment so that all possible v^avs in which the data 
could have resulted are found. For example, suppose that an 
experiment is conducted in which there are two treatments (X 
and Y) and two experimental outcomes or observations per 
treatment = ;'==4, yi=2, y=:=3) . The obeerved data are 
permuted across each treatment as given in Table 1. 



TABLE 1 

TWO SAMPLE EXAMPLE DATA PERMUTATIONS 



Permutation Sample X Sample Y 



1 



4 

cr 

6 




4 

4 

1 

1 

1 




4 



These permutations represent all possible 
which the data could have been observed. Note 
observed statistic is the first permutation. In 
the number of permutations (actually combi nat i ons) 
by this method is given by: 



wavs in 
that the 
general , 
r 0 QU i r ed 



(nl-^-n2) ! 
n 1 ! n2 1 
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(Ean, 1) 



A pravioLis ax ample illustrated the comout at i onal 
consequences o-f Ean. 1 for random! nati on tests when ni and 
are even moderatelv large. 

2 . Selecting an Appropriate Test Statistic 

Unlike many other comparable significance tests, 
several appropriate test statistics are available for 
r andomi 2 at i on tests of the two sample comparison of means. 
Furthermore, for a given hypothesis test. certain test 
statistics are referred to as eqai^^'alent test statistics 
because thev are functions of one another CRef. 3:p. 443. 

For a one-tailed hypothesis test of the two sample 
comparison of means, examples of equivalent test statistics 
are (a) the sum of the observations of the treatment with 
the suspected larger mean, (b) the arithmetic difference in 
the means, and (c) the t statistic. Use of each of these 
equivalent test statistics results in the same r andomi cat i on 
test. For example. Table 2 is an extension of Table 1 and 
lists each of the equivalent test statistics for each of the 
data permutations from the previous example. For these test 
statistics, an ordering of the values corresponds to an 
identical ordering of each of the other test statistics. 
Thus. any comparisons made between the observed test 
statistic to the test statistics obtained from the permuted 
data would result in the same significance value. 
Therefore, for the one-tailed hypothesis test given in this 
example, each of these test statistics would be considered 



appropr i ate 



TABLE 2 



TWO SAMPLE EXAMPLE DATA TEST STATISTICS 



Permut at 1 on 


Sample X Sample V 




x-y 


t 


1 


14 2 3 


5 


0 . C) 


0 . 0 




12 4 3 


“T 


-2 . 0 


-2,8 


“T 


13 4 2 


4 


-1.0 


-0.7 


4 


4 2 13 


6 


1 . 0 


0-7 


5 


4 3 12 


-7 


2, 0 


2.3 




2 3 14 


5 


C) . C> 


0 - 0 


For the 


two-tai 1 ed hvpothesi s 


test , 


equi val ent 


test 


statistics are 


(a) the absolute vali 


Lie of 


the arithmetic 


difference in means, and <b) the absolute 


value of 


the t 


test statistic 


CRef. 3:pD. 43-44]. 









Although equivalent test statistics will provide the 



same significance level, computational savings can be made 
by using the statistic which requires the least amount of 
calculations- In the case of the one-tailed test, use of 
the sum of the observations of the treatment with the 
suspected larger mean requires minimal cal cul at i ons. For 



the two-tailed test, the absolute '/alue of the arithmetic 
difference in means could be used. 

3. Method of Comparison 

Using the test statistics given above, for a 
one-tailed alternate hypothesis which states that the mean 
of sample X is greater than the mean of sample Y, the 
significance level is obtained by numericallv' 



determi ni ng 



the proportion of test statistics obtained from the permuted 



data which are greater than or equal to the obser-zed 
statistic^. Likewise, when the alternate hypothesis states 
that the mean of sample X is less than the mean of sample Y, 



then the si 


gni f i cance 


1 evel 


is the proportion 


of 


test 


sta.t i sti cs 


less than 


the 


observed stat i st i c - 


For 


the 


twQ-tai 1 ed 


eaui val ent 


test 


statistics given above. 


the 



significance level can be determined from the proportion of 
statistics greater than or equal to the observed statistic. 

The following illustrates this method of comparison. 
Given the permutations of the data in Table 1 and the test 
statistics in Table 2, suppose further that it is desired to 
conduct a one-tailed hypothesis test. Let the null 
hypothesis state that the mean of sample X is less than or 
equal to the mean of sample Y and the alternate hypothesis 
state that the mean of sample X is greater than the mean of 
sample Y. For these hypotheses, the comparison used in 
determining the randomi cat i on test significance level is the 
proportion of the test statistics obtained from all 
permutations of the data <including the observed data) which 
are greater than or equal to the observed test statistic. 
As given in Table 2, this proportion is 4/6 for each of the 



^In an example given b'/ Bo::, Hunter, and Hunter CRef. 
5:pp. 94-963, the significance level was incorrectly (or 
inadvertently) reported as the proportion of those 
statistics greater than the observed statistic as opposed to 
the more correct statement greater than or equal to. 



test statistics. Therefore. the resulting r andomi z at i on 
test significance level is 4/6 or appr ox i mat el v -67. 

C. SIMULATION AND ANALYSIS OF RESULTS 

To compare the robustness and power of the two sample 
comparison of means randomization test against alternative 
tests. Monte Carlo simulation was used. The simulation 
consisted of generating random samples under selected 
conditions and determining each test's significance level 
based on the generated samples- For each condition. CO 
iterations v^jere used in developing averages and variances 
of the significance levels. Conditions under ’which samples 
were generated included changes in (a) sample sizes, and (b) 
sampled distributions. Significance levels V'jere determined 
based on the h'/potheses Ho: the mean of treatment 1 is less 

than or eaual to the mean of treatment 2, and Hi: the mean 

of treatment 1 is greater than the mean of treatment 2- The 
alternative tests incorporated in the simulation included 
the parametric t test CRef. 5:pp. 95-963, the nonpar ametr i c 
Mann-Nhitnev test CRef- 2:pp. 215-2233. and the approjcimate 

randomi zat i on test. For the approximate randomization test., 
sampling hfith replacement was accomp 1 i shed . In addition to 
the robustness and power of the randomi zat i on test, 

simulation was used in examining the performance of the 
approximate randomi zati on test over changes in the sample 
size of the approximate randomization distribution. 



Specific 



conditions under 



which each portion of 



the 



SI mul at 1 on 



waE 



aer formed together with an analvais of 



the 



simulation results -follow, 

1 • Changes in Sample Sizes 

To compare the pertormance o-f each of the 

S 7 . gni f i cance tests for changes in sample sizes, the sample 
sizes, ni and were varied over (ni,ns) = <2,1), <2, 2), 

(3,1), (3,2) (7,4), (7,5), (7^,6), (7,7). For each 

case, each sample was formed from individually generated 
N(0,1) random deviates- For the aoproK i mate randomization 
test, the sample size of the approximate randomization 
distribution was held constant at 1000. The averages and 
variances of the resulting significance levels appear in 
Appendix A, An analysis of the significance levels obtained 
on each iteration of the simulwation as v^^el 1 as the above 
mentioned averages and variances follows. 

Since the above cases were performed for a true null 
hypothesis, we expected the distribution of the significance 
levels to be consistent vsiith uniformly distributed data. 
That is, if random samples were generated under a true null 
hypothesis, then significance levels calculated from these 
samples should exhibit a U(O.l) distributional form- As 
shown in Figure 1, the averages and '/ariances obtained for 
each case were consistent with this expectation. Exceot:,ons 
occurred for the extremely small Sc^mple sizes as might be 
anticipated. In this figure as well as in later figures, 

^ R*’’ represents the significance levels obtained from the 
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^2l 21 231 2341 23451^34561 234567 

SAMPLE SIZES 

Figure 1. Two Sample Changes in Sample Sizes 

random! zat 1 on test, 'T' from the t test, from the 

Mann-Whitnev test, and 'A' from the approjcimate 
randomization test. Overall, this figure illustrates little 
significant differences in the values obtained except as 
noted above. 

An examination of the histograms for each condition 
under which the null hypothesis was true also showed 
distributions of the significance levels as expected. As an 
example, Figure 2 gives histograms of the significance 
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Figure 2. Two Samole Histograms •for N(O.l) Samoles 

levels obtained -for each o-f the two samole comoarison o-f 
means tests -for the case (ni.na) = (7,7) and N(0,1) random 
samoles. For the hypothesis that these significance levels 
are indicative of U(0,1) distributions, Kol mogorov— Smi rnov 
uniform goodness of fit test significance levels are shown 
in Table 3. The values in Table 3 do not indicate a 
disagreement with expected results. 
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TABLE 



TWO SAMPLE UNIFORM GOODNESS OF FIT TESTS 



Test 



Kal mogar ov-Smi rnov 
Si qni 1 1 -ranee 



randomi zati on 0. S4 

t test 0.S6 

M an n - Wh i t n e v 0 . 7 O 

agoroM i mate r andomi z at i on 0, 86 



In addition to their overall distributional ‘form, 
the significance levels were compared on an 



i ter at i on-b' 


y-i ter at ion basi s- 


The purpose of 


this 


was 


to 


compare 


the 


marginal performance of each test. 


that 


1 5 , 


to 


compar e 


the 


performance of 


each test -far 


each 


set 


of 



samples. Figure 3 shows the si gn i T i cance levels obtained 
over 50 iterations -for the case (ni,n=:) = (7.7) and N(O.l) 
random samples and is typical of the others e>(amined. The 
significance of this plot is the proximity of each of the 
significance levels. Only the nonpar ametr i c test appears to 
varv marginally from the other tests and this was found to 
be true in all runs. 

2 . Changes in Sampled Distribution s 

To compare each tests^ performance under changes of 
sampled distributions, the sampled distributions and the 
distribution parameters were varied for the sample sizes 
(ni.ns) = (7,5), (7,6), (7,7). Continuous distributions 
from which samples were generated included the normal. 



no 



o 




ITERATION 

Figure 3- Twc Sample Si gn i -f i cance Levels bv Iteration 

ercDonenti al , uni-form, gamma, weibull, beta, and chi-eauare 
distributions. Discrete distributions included poisson, 
binomial, and geometric distributions. Once again the 
sample size o-f the approjtimate randomizat i on distribution 
was held constant at 1000. The averages and variances oi 
the si gni -F 1 cance levels obtained from this series of runs 
appear in Appendix B. 

Figure 4 shows the average significance levels 
obtained for the three sample sizes under changes in the 
mean and variance of random deviates from a normal 
distribution when Ho was true. Again there is little 
significant difference in the average significance levels. 
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DISTRIBLTTION MEAN. VARlANCE-1 

(NvN2)=(7,5) 



DISTRIBimON VARIANCE. MEAN-=0 





DISTRIBUTION MEAN. VARIANCE-1 

(N,.N2)-(7.6) 



DISTRIBUTION VARIANCE, MEAN=0 





DISTRIBUTION MEAN, VARlANCE-1 

(Ni.N2)-(7.7) 



DISTRIBUTION VARIANCE, UEAN-0 



. Two Sample Concurrent 
Normal Distributions 



i n 
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Figure 4 



Chanaes 



it is 



di t -f 1 cul t 



to distinquish -from these 



Consequent! y, 

plots (as in manv ot the plots to “follov^) the different 
values obtained for each test. Similar plots were obtained 
for all the continuous distributions examined. Figure 5 
shows these plots for the cases (ni,nsj) = (7.7). Note again 
the variation from the other significance levels in the 
averages and variances obtained by the Mann-Whitnev test. 
Figure 5 also shows little significant difference in the 
averages and variances obtained from the randomization test, 
t test, and approximate randomi zat i on test- Furthermore, 
although this series of runs included cases for (ni,ns) = 
(7,5), (7,6), and (7,7), plots for C^,5) and (7,6) were 
nearly identical to those obtained for (7.7) and contained 
no additional information. Therefore, they are not shown. 

To examine significance levels obtained under a 
false null hypothesis, a series of runs was conducted in 
which the distribution from which sample 1 was obtained was 
varied while the distribution from which sample 2 was formed 
was held constant. This examination included cases for the 
three sample sizes noted above given random samples from the 
above di stri buti ons. 

Figure 6 shows the significance levels obtained for 
the three sample sizes when the two samples were generated 
from normal distributions. In these cases. the means and 
variances of sample 1 s distribution were varied while 
sample 2 consisted of N(0,1) random deviates. Indicative of 
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5. Two Sample Concurrent Changes in 
Continuous Distributions 
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(N^.N2)-(7.6) 





(NvN2)-<7.7) 



Figure 6 



Two Sample Normal Di str i but i onal Changes 



power. Figure 6 demonetratee little di-f-ference in each 
test '*3 ability to detect a false null hypothesis. Figure 
6 also illustrates that the tests are uneffected bv changes 
in variance and further illustratas the nearly identical 
ability of each test to detect a true null hypothesis. 
Additionally, Figure 6 demonstrates that under changes in 
distributions, the averages and variances of the 
significance levels were not significantly different for 
equal or unequal sample sizes. 

Aside from normal deviates, the significance levels 
obtained for samples from the other continuous d i str i but i one 
are shown in Figure 7. The plots shown are for the cases 
(ni,n=:) = (7,7) and are nearl'/ identical to those obtained 
for the other two sample sizes. The sample distribution of 
sample 2 was held fixed as Uni form <0, 1 ) , Gamma ( 1 , 1 ) , 
Wei bul 1 ( 1 , 1 ) , Beta(l,l), and Ch i -square ( 1 ) for each of the 
respective di str i buti onal changes. Furthermore, Figure 7 
shows only changes in the location parameter of the gamma., 
weibull. and beta distributions. Changes in the shape 
parameters of these di str ibutions resulted in plots similar 
to those obtained vjhen the variance of the normal 
distribution was varied and are not shown. 

Figure 7 further demonstrates the robustness and 
power of the randomi zati on test compared to the other tests 
and shows that for nearly all cases, the results are almost 



1 dent 1 cal 



However 



as also shown in Figure 



the 



AVERAGE SIGNinCANCE LEVELS AVERAGE SIGNIRCANCE LEVELS AVERAGE SIGNIFICANCE LEVELS 
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Two Sample Continuous Distributional Changes 



36 



Mann~Wh i tnsv 



doe= net apoear tc be 



nor 



as 



:e = t 



as robList 



pov'ierful as the other tests- This is indicated bv the 
consi stent 1 V smaller values when Ho was true anc the 
consistentl'/ larger values when Ho v^as false- Also- an 
interesting ohenomenon occurred when the sampled 

distribution was of the ?weibull form- In this case. as 
opposed to the other cases examined, the Hann-Whi tne\' test 
differed consi deral bl v from the other tests, F-ur ther mor e - 

the randomi zati on , t, and approximate randomization tests 
were inefficient in identifying both a true null h/pothesis 
for small location parameters and a false null hypothesis 
for larger parameters- r-Jo explanation could be found for 
thi 5 - 



For the discrete di str i buti ons- 1 arger differences 
in average significance levels were observed- Figure S 
displays the average values obtained for samples from 
binomial distributions for the cases (ni,ns) = (7,7), The 
figure shows the cases where the distribution parameters 
were '/aried concurrently' for both samples (too and bottom 
left> and also when sample 1 s distribution was varied 
while sample 2 was held fixed at Bi nomi al (50- - 5) (top 
and bottom right). As shown, the Mann-Whi tnev test 
significance levels continue to vary from the other tests'* 
significance 1 evel s- 

Fcr the cases (ni-ns) = (7,7), Figure 9 shows the 
average significance levels obtained when samples were 





CONCURRENT CHANGES 



CHANGES IN SAMPLE 1 





TRIALS, PROBA0IUTY-.5 



Figure B. Two Samole Binomial Distributional Changes 

comprised of poisson and geometric random deviates. 
Concurrent variations in the two sampled distributions 
appear in the top and bottom le-ft. The top right plot shows 
significance levels when sample 2"s distribution was fixed 
at F'oissonCl) and sample I's distribution was varied. The 
bottom right plot shows average significance levels when 
2’s distribution was fixed at Geometr i c ( . 5) . 
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sample 



Again, 





POISSON 



o 




PROBABILITY 




GEOMETRIC 



Figure 9. Two Sample Poisson and Geometric 
Distributional Changes 

the hann-Whitney average significance levels differ 
significantly from the other tests. Note, however, that the 
randomization and approximate randomization tests average 
significance values are consistently larger than those 



obtained via the t test 



Changes 



in Apprpr.imate ^ andemi z at i on rample Size 
In the third senes ot runs, it was desired to 
ejjamine the oerformance or tne apDroicimate randomization 
test with changes in the sample size o-f the aDoroJcimate 
randomi zat 1 on di stribution. There-fore, the third series ot 
runs involved changes in the size, j} , o-f the aoDrojdmate 
r amoomi zati on distribution over the values 200. 300, . . . , 

1900, 2000. These changes in P were oer-formed for the 

samole sizes mi, ns) = <7,7>, (S,7>, ^9,7) composed of 

N(O.l) random de\'iates. The three different sampie sizes 
were cnosen so that the size of the reference distribution 
was larger than the aooro.Nimate r andomi z at i on samole size. 
The averages and variances of" the significance levels 
obtained from these runs aooear in Apoendi;: C. 



Figure 


10 


contains plots of 


the averages 


and 


variances of 


the 


significance 1 evel s 


cbtained xn 


the 


simulation for 


the 


three sample sizes. 


Figure 10 


shows 


there i s not 


much 


di f f erence between 


the averages 


and 



variances of the significant levels for the selected changes 
in P . 
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SIGNinCANCE LEVELS 




APPROXIMATE RANDOMIZATION SAMPLE SIZE 




(N,.N2)=(7,7) 



(N,.N2)=(8.7) 




(Ni.N2)=(9.7) 



Figure 10. Two Samole Changes in Acoro!; i mate Randomization 

Samole Size 
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ONE-WAY ANALVS IS OF VARIANCE 



T ' > 

1 V • 



A- DISCUSSION 

The DLirpcee of this chapter is to detail specific 
randomisation test procedures applicable to the one-way 
analv'sis of variance. In conjunction v^^ith this, alternative 
tests are identified. Additionally, this chapter includes 
the specific simulation methodology used in examining 
significance levels obtained from each of these tests under 
specific test conditions. Included in the discussions of 
the methodologv' are analv'ses of the simulation results. 

B. SPECIFIC RANDOMIZATION TEST PROCEDURES 

The procedural requirements applicable to r andomi cat i on 
tests for the one-way analysis of variance are identical to 
those of the two sample comparison of means. Each of these 
specific requirements is detailed below followed bv an 
ex ampl e . 



1 - Permuting the Data 

In performing randomization tests for the one-wav 
analysis of variance, the observed data are permuted across 
each treatment as in the two sample comparison of means. 
However, in general, the number of required permutations (or 
combinations) is given by: 



( n i-f-n , , , 4-nK ) ! - nj 

n I ! na ! . . . ! n i ' n a ! . . . ! (Ean. 2) 
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In terms of randomization test corriout i ons, Ean. 2 
showH that the number o-f required calculations can be quite 



1 ar 


ge. For 


evampl e. 


for two sample 


si z 


e s 


Di 3i=e f 


eacn 


the 


number 


of permut 


at ions gi/en by 


Eon 


. 1 


and 2 i= 


crj 


For 


three 


s a m o 1 e s 


of size 5 


eac 


h. 


Eqn. 2 


gi v0 



* /5 ! 5 ! 5 ' = 756. "^56 aermutatians and for tour samoles 

of size 5 each, the number of oermutations given by Ean. 2 
1 = aoqr oui mat el V 1 „ 1 1 0 ^ Therefore. for even small 

sample sizes. the computational consequences of using 
randomi zat i on tests for the analvsis of vari Since are 

di sccuragi ng . 

2 - Selectinc an Appropriate Test Statistic 

In the one-way analvsis of variance for testing Ho: 
the means of the treatments are equal, against Hi: at least 

two of the means are not equal, an approoriate test 
statistic is the F statistic. However, for the r andomi z at i on 
test. an equi '/al ent statistic which vields the same 
randomi z at i on test significance level is the value r(Ti==^Vni) 
CFef . 3:pp. 62-6311. Here, Ti is the sum of the observations 

in treatment i and ni is the number of observations in 

treatment i . 

3- Method of Comparison 

As given by the hypotheses for the analysis of 
•/ariance, the significance level for these r andomi zat i on 
tests is the proportion of test statistics derived from the 
permuted data which are greater than or equal to the 
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obser /ed st at i st i c 



4. 



Qne-Wav Analysis o-f Variance Example 

The -following example illustrates saui valent test 
statistics and the method of comoarison for randomi cat i on 
tests of the one-way analysis of variance. To begin, 
consider the e;;ample given in the previous chapter detailing 
two sample comparison of means randomization tests. A 
typical analysis of variance table for the data given in 



that example is 


shovvn 


in Table 4. The 


permutations of 


the 


data and the 


two 


equivalent test 


statistics for 


each 


permutat i on are 


gi ven 


in Table 5- 







TABLE 4 

EXAMPLE DATA ANOVA TABLE 



Source of Sum of Degrees of Mean F 

Var i ati on Squar es Freedom Squar s 



Between 0.0 1 0.0 0.0 

Treatments 

Within 5.0 2 2.5 

T reatments 



Total about the 5.0 3 
Grand Average 

As given in Table 5. the test statistic obtained 
from the observed experimental data is 0.0. Note that Table 
5 also shows that for each test statistic, the proportion of 
the statistics obtained from the permutations of the data 
which are greater than or equal to the observed test 
statistic is 6/6. Therefore, the resulting randomization 
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TABLE 5 



ANGVA EXAr^.PLE DATA TEST STATISTICS 



i^'ermytatiop 



1 

'*■> 

4 

5 

6 



Sample X 



1 4 




Samp 1 e V 



4 3 

4 2 

1 3 

1 

j. 

1 4 



cr 


Z ( T 1 ^ n 


C> . 


25 . 0 


S. 0 


29.0 


0 . 5 


26 - 0 


0.5 


26 . 0 


s . 


29 . 0 


0 . 0 


2'^ • 0 



teat eigniricance le'/el ie S/6 or 1.0. Thi s i e the 5ame 
value which would have resulted it a two-tailed hypothesis 
would have been used in the tv^o sample comparison of means. 
This is not surorising since the square of a t distributed 
random variable is F distributed- 



C. SIMULATION AND ANALYSIS OF RESULTS 

HIE in the two samDie comparison of means, Monte Carlo 
simulation ’was used to compare the robustness and power of 
the randomization test against alternative tests. In this 
case, alternative tests included the parametric F test CRef. 
5:pp. 1S7-1°*’], the nonpar ametr i c Kruskal -Nal 1 i s test CRef. 
2:pp. 22^-237], and the approximate r andomi cat i on test. 
Also as in the two sample comparison of means, conditions 
were selected for changes in •'a) sample sizes, (b) sampled 
distributions, and (c) the sample size of the approximate 
randomi z at i on di str i buti on . Additionally, the simulation 
incorporated sampling with replacement in developing the 
approxi mate randomi zati on di stri buti on . 
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1 



ChanaeH in Sample Eizge 

To comoare the et-fecte of changes in sample sizes, 
the simulation was conducted for M(0,1' random samoies over 



(n 1 , n =. n 3) = 


(2. 2. 2) 


-r - > 


'4, 


4, 4> , 


(4,4, D , 


^4,4, 2) , 


(4.7.3). and 


(4.3, 2) 


. The averages 


and 


van ances 


of tne 


SI gni f i cance 


1 evel s 


obtained -for 


e 


ach t 


est are 


given in 


Aaoendi?; D. 


Fi gure 


11 IS a plot 


o-f 


these 


val Lies . 


Again, no 



significant differences between test results could be 
deter mi ned . 




Figure 11. ANOVA Changes in Sample Sizes 
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RELATIVE FREQUENCY RELATIVE FREQUENCY 



d 1 =tr i tut 1 cns were N(O.l). 
Kcl mogor ov'-Smi rno'/ Uniterm goac 
levels. As anticieated. no 
results was -found. 
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Figure 12. Af'lOVA Histograms for N(O.l) Samples 



A plot of the significance values obtained for 
samples from ^4(0,l) distributions for the case (m,n2,n3> = 
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TAEL 



ANOVA UNI^^^'ORM bODDNESE D- FIT TESTS 



Te^t 



Kol »T.ogcr r no' 

5i qn: 1 1 cancrg 



r andomi z ati on 
F test 

Kruskal ~Wal 1 i s 
aDorojiimate randomization 



0 . 55 
0 . 65 
0. 43 
0. 48 



(4.4,4) is Shown in Figure 13. Again, the marginal 
prooerties o-f the nonoar ametr i c test are considerably 
ditferent -frcm the other tests although the averages and 
variances of the sianificance levels are fairl\' consistent. 




Figure 13. ANOVA Significance Levels bv Iteration 
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Changes in S a jti p 1 e d D i :=• t r 1 but i on s 



To SKamine each tests-'’ performance under changes ot 
sampled distr.ibutions, the sampled di str i but i cns and the 
distribution parameters were varied for sample sices 

(ni,n2,n3) = (2,2,2), (3,3,3), (4,3,2), (4,3,3), and 

(4,4,4). Di str i but i ons included the normal , ej^ ponent i al , 
uniform, gamma, and weibull distributions. The sample size 
f or the appro>(imate r andomi z at i on distribution was fi;jed at 
1000. The results of these runs appear in Appendiii E. 

Plots of the average significance levels far 
<ni,n2,n3) - (4,4,4), ^3'., 3, 3), and (2,2,2) and concurrent 

changes in normal distributions are shown in Figure 14. As 
in the two sample case, greater '/ar lability betv'^een test 
results IS evident for the smaller sample sizes. Otherwise, 
no significant differences can be determined. 

Figure 15 shows the average significance levels 
obtained for each test for (ni,n 2 ,n 3 ) = (4,4,4) and 

concurrent changes in the parameters of the continuous 
distributions - exponential, uniform, gamma, and weibull. 
For even the small sample sizes examined, the average 
significance values are in close agreement. 

For each of the selected distributions, the 
parameters affecting the sampling distribution of sample 1 
were -varied while the parameters effecting sample 2 were 
held fixed. For normal di str i taut i ons. Figure 16 shows the 
resulting average significance levels for changes in the 
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DISTOIBimON MEAN. VARIANCE-1 DISTRIBUTION VARIANCE. MEAN-0 

(Ni,N2.N3)=(4.4.4) 





DISTRIBUTION MEAN. VARIANCE-1 DISTRIBUTION VARIANCE. MEAN-0 

(Ni.N2.N3)=(3.3.3) 





DISTRIBUTION MEAN. VARIANCE-1 DISTRIBUTION VARIANCE. UEAN-0 

(N,.N2.N3)=(2.2.2) 

Figure 14. ANOVA Concurrent Changes in Normal Distributions 
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ANOVA Normal Distributional Changes 
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Figure 17. ANOVA Continuous Distributional Cnanges 



(ni,ri2,n3) = ^4,4,4). As Drs\'iouslv, the ncnDar ametr i c test 
average significance levels are ccnsi stent 1 d i -f -f er ent . 
Furthermore, all the tests are inefficient in determining 
the significance le'/els when the samclec distributions is of 
a weibull form. 

3. Changes in Approximate Random! cation Sample Sice 

To e;;amine the performance of the aggroKimate 
r anoomi z at i on test for changes in p, the sample size, P, of 
the aopro^cimate ranaomi zati on distribution was varied over 
the set 200, 300, . . . , 1900, 2000 with changes in sample 
size over (m,n2,n3) = (2,2,2), ^3,3,3), .'4,4,4), .:4,4,3), 
(4,4,2), (4,3,3), and (4,3,2). The averages and variances 
of the significance levels for each test appear in Appendi;c 
F. Figure 18 contains olots of these values for the cases 
of eaual sample sizes. Plots of the average values for the 
Lineoual sample sizes appear in Figure 19. As shown in these 
two figures, the differences in average significance levels 
obtained for both e:cact randomi zat i on test and the 
approximate randomization test are nearlv i ndi st i noui sabl e 
over the changes in P. 
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SUMMARY 



I I 



A. CONCLUSIONS 

For the tv^o nample comcarieon oi means and one-’/jav 
analvsis of variance, specific randomization test procedures 
have been detailed- For these two tests- results of Monte 
Carlo simulation indicate that over changes in sample sizes 
and sample distributions: <1) randomization tests are as 
robust as t and F tests, and (2) r andomi zati on tests are as 
powerful as t and F tests. Furthermore. under the 
conditions examined, randomi zat i on tests were found to be 
more robust and powerful than other comparable nonpar ametri c 
tests. An interesting result of the simulation was that 
although the average significance levels may be nearly 
identical, the i terat i cn“-bv-i terati on significance levels of 
the nonpar ametri c tests tended to vary consistently from the 
other tests. This may indicate that use of these 
nonpar ametri c tests could result in markedly different 
decisions on a test bv test basis. Lastly, results of the 
simulation indicate that aoproiiimate randomi zat i on tests are 
good approK 1 mat i ons to the more e^act randomization tests 
over changes in sample sizes and distributions, as well as 
changes in the sample size of the appro::imate randomization 
di str i buti on . 
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It 15 clear from these tindings that randomi zat i on tests 
and approximate randomi zation tests have better performance 
than other nonpar ametr i c tests in the contexts examined. 
Furthermore, the robustness and power of the approximate 
r andomi zat i on tests, t tests, and F tests clearly mark them 
as excellent alternatives to randomization tests i>;han 
randomi zat 1 on tests may be impractical. 

B, AREAS FDR FURTHER RESEARCH 

There are man'/ practical applications where 
randomi zati on tests may be the only truly valid tests. and 
yet, this thesis has shown that parametric alternatives Cvan 
offer good approximations. Continued research should be 
accomplished in experimental design and data analysis 
situations not examined in this thesis. Some of these areas 
were given in the i ntr oduct i on . Furthermore, based on the 
apparent ability of approximate randomization tests to 
approximate r andomi zat i on tests, the practical appl i cabi 1 i ty 
of approximate randomi zat i on tests should be examined in 
other statistical contexts. 
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APPENDIX A 

TWO SAMPLE CHANGES IN SAMPLE SIZES 



NU^©ER OF ITERATIONS: 50 

SAMPLE DISTRI3UTIONS: N(0,1) 

APPROXIMATE RANDOMIZATION SAMPLE SIZE: 1000 

SAMPLE 





SI 


ZES 




AVERAGES 






VARIANCES 




CASE 


1 


2 


R 


T 


M 


A 


R 


T 


M 


A 


1 


2 


1 


0.5933 


0.4356 


0.3820 


0.5934 


0.0648 


0.0688 


0.0252 


0.0647 


2 




2 


0.5667 


0.4797 


0.4417 


0.5640 


0.0782 


0.0791 


0 . 0495 


0.0776 


3 


3 


1 


0.5850 


0.4787 


0.4602 


0 . 5354 


0.0781 


0.0352 


0.0397 


0.0778 






2 


0.5440 


0.4867 


0.4563 


0.5375 


0.0731 


0.0795 


0 . 0488 


0.0773 


5 




3 


0.5280 


0.5017 


0.5168 


0.5206 


0.0709 


0.0719 


0.0476 


0.0709 


6 


4 


1 


0.6560 


0.5661 


0.5214 


0.6033 


0.0915 


0.0878 


0.0625 


0.0986 


7 




2 


0.5800 


0.5518 


0.5160 


0.5662 


0.0888 


0.0842 


0.0684 


0.0869 


8 




3 


0.4840 


0.4729 


0.4727 


0.4784 


0.0915 


0.0931 


0.0729 


0.0920 


9 




4 


0.5306 


0.5264 


0.5165 


0.5295 


0.0775 


0.0784 


0.0598 


0.0782 


10 


5 


1 


0.5200 


0.4461 


0.4602 


0.4770 


0.0756 


0.0375 


0.0530 


0.0731 


11 




2 


0.5333 


0.5166 


0.5114 


0.5196 


0.0937 


0.0974 


0.0717 


0.0953 


12 




3 


0.5146 


0.5091 


0.5014 


0.5100 


0.1023 


0.1004 


0.0860 


0.1016 


13 




4 


0.5279 


0.5215 


0.5286 


0.5291 


0.1073 


0.1086 


0 . 0845 


0.1057 


14 




5 


0.4975 


0 . 4948 


0.4979 


0.4950 


0.0729 


0.0724 


0.0677 


0.0739 


15 


6 


1 


0.5343 


0.4624 


0.4562 


0.4991 


0.0790 


0.0768 


0.0579 


0 . 0840 


16 




2 


0.4564 


0.4386 


0.4482 


0.4457 


0.0823 


0.0809 


0.0626 


0.0830 


17 




3 


0.4771 


0.4735 


0.4606 


0.4771 


0.0811 


0.0813 


0.0763 


0.0809 


18 




4 


0.5530 


0.5481 


0.5504 


0.5509 


0.0883 


0.0874 


0.0762 


0.0881 


19 




5 


0.4869 


0.4840 


0.4932 


0.4892 


0.0952 


0.0958 


0.0818 


0.0956 


20 




6 


0.5534 


0.5522 


0.5339 


0.5503 


0.0868 


0.0871 


0.0775 


0.0865 


21 


7 


1 


0.6875 


0.6207 


0.6110 


0.6570 


0.0614 


0.0594 


0.0464 


0.0663 


22 




2 


0.4178 


0.4040 


0.3932 


0.4086 


0.0857 


0 . 0853 


0.0701 


0.0849 


23 




3 


0.5233 


0.5201 


0.5478 


0.5237 


0.0705 


0.0697 


0.0549 


0.0698 


24 




4 


0.5546 


0.5542 


0.5424 


0.5541 


0.0897 


0.0893 


0.0745 


0.0891 


25 




5 


0.4710 


0.4707 


0.4465 


0.4707 


0.0833 


0.0839 


0.0720 


0.C831 


26 




6 


0.4371 


0.4361 


0.4324 


0.4382 


0.0889 


0.0890 


0.0805 


0.0874 


27 




7 


0.5C79 


0.5076 


0.5001 


0.5108 


0.0852 


0.0849 


0.0816 


0 . 0848 
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APPENDIX B 

TWO SAMPLE DISTRIBUTIONAL CHANGES 



NUMBER OF ITERATIONS: 50 

APPROXIMATE RANDOMIZATION SAMPLE SIZE; 1000 



SAMPLE SAMPLED 

SIZES DISTRIBUTIONS AVERAGES VARIANCES 



CASE 


1 


2 


1 


2 


R 


T 


M 


A 


R 


T 


M 


A 


28 


7 


5 


N(-10,l) 


N(-10,l) 


0.5010 


0.5019 


0.4883 


0.5017 


0.0750 


0.0756 


0.0687 


0.0757 


29 






(-5,1) 


(-5,1) 


0 . 4433 


0.4423 


0.4618 


0.4432 


0.0909 


0.0903 


0 . 0883 


0.0906 


30 






(-2,1) 


(-2,1) 


0.4592 


0 . 4583 


0.4793 


0.4578 


0.0980 


0.0981 


0.0908 


0.0986 


31 






(-1,1) 


(-1,1) 


0.5204 


0.5188 


0.5146 


0.5205 


0.0736 


0.0748 


0.0579 


0.0754 


32 






(-.5,1) 


(-.5,1) 


0.4433 


0.4434 


0.4347 


0.4461 


0.0892 


0.0886 


0.0818 


0.0909 


33 






(-.2,1) 


(-.2,1) 


0.5450 


0.5467 


0.5338 


0.5469 


0.0782 


0.0776 


0.0690 


0.0773 


34 






(-.1,1) 


(-.1,1) 


0.5515 


0.5513 


0.5464 


0.5501 


0.0819 


0.0814 


0.0734 


0.0819 


35 






(0,1) 


(0,1) 


0.5577 


0.5564 


0.5517 


0.5576 


0.0872 


0.0860 


0.0779 


0.0887 


36 






( .1,1) 


( .1,1) 


0.5631 


0.5621 


0.5323 


0.5626 


0.0799 


0.0735 


0.0792 


0.0798 


37 






( .2,1) 


( .2,1) 


0.4884 


0.4878 


0.4968 


0.4918 


0.0820 


0,0815 


0.0667 


0,0818 


38 






( .5,1) 


( .5,1) 


0.4862 


0.4867 


0.4804 


0.4858 


0.0763 


0.0765 


0.0719 


0.0766 


39 






(1,1) 


(1,1) 


0.4619 


0.4612 


0.4548 


0.4631 


0.0717 


0.0720 


0.0565 


0.0716 


40 






(2,1) 


(2,1) 


0.5481 


0.5485 


0.5424 


0.5480 


0.1007 


0.1011 


0.0800 


0.1004 


41 






(5,1) 


(5,1) 


0.5045 


0.5033 


0.5246 


0.5026 


0.0771 


0.0773 


0.0660 


0.0788 


42 






(10,1) 


(10,1) 


0.4772 


0.4748 


0.4743 


0.4804 


0.0899 


0.0895 


0.0855 


0.0910 


43 






(0,.l) 


(0,.l) 


0.4906 


0.4889 


0 . 4580 


0.4901 


0 . 0853 


0.0859 


0.0720 


0 . 0838 


44 






(0,.2) 


(0,.2) 


0.4355 


0.4350 


0.4084 


0.4366 


0.0747 


0.0742 


0.0613 


0.0754 


45 






(0,.5) 


(0,.5) 


0.4454 


0.4459 


0.4431 


0.4471 


0.0807 


0.0807 


0.0663 


0.0802 


46 






(0,1) 


(0,1) 


0.5787 


0.5802 


0.5612 


0.5796 


0.0652 


0.0653 


0.0585 


0.0652 


47 






(0,2) 


(0,2) 


0.5000 


0.5008 


0.4760 


0.5031 


0.0716 


0.0717 


0.0638 


0.0709 


48 






(0,5) 


(0,5) 


0.5302 


0.5294 


0.5413 


0.5294 


0 . 0898 


0.0891 


0.0784 


0.0902 


49 






(0,10) 


(0,10) 


0.5017 


0.5008 


0.5006 


0.5015 


0.0786 


0.0769 


0.0767 


0.0804 


50 


7 


6 


(-10,1) 


(-10,1) 


0.4907 


0.4902 


0.4861 


0.4919 


0.0820 


0.0814 


0.0742 


0.0815 


51 






(-5,1) 


(-5,1) 


0.4781 


0.4776 


0.4833 


0.4794 


0.0993 


0.0985 


0.0932 


0.1011 


52 






(-2,1) 


( -2,1) 


0.5408 


0.5399 


0.5413 


0.5386 


0.0803 


0.0802 


0,0804 


0.0804 


53 






(-1,1) 


(-1,1) 


0.4994 


0.5022 


0.4832 


0.4978 


0.0547 


0.0552 


0.0527 


0.0542 


54 






(-.5,1) 


(-.5,1) 


0.5189 


0.5194 


0.5293 


0.5182 


0.0592 


0 . 0595 


0.0604 


0.0585 


55 






(-.2,1) 


( -.2,1) 


0.4696 


0.4696 


0.4595 


0.4705 


0.0731 


0.0735 


0.0563 


0.0739 


56 






(-.1,1) 


(-.1,1) 


0.4548 


0.4540 


0.4503 


0.4523 


0 . 1055 


0.1050 


0.1011 


0.1051 


57 






(0,1) 


(0,1)) 


0.5487 


0 . 5480 


0.5500 


0.5491 


0.0685 


0.0686 


0.0650 


0.0692 


58 






( .1,1) 


( .1,1) 


0.4913 


0.4905 


0.4715 


0.4885 


0.0919 


0.0921 


0.0874 


0.0919 


59 






( .2,1) 


( .2,1) 


0.4727 


0.4726 


0.4708 


0.4741 


0 . 0842 


0 . 0846 


0.0763 


0 . 0846 


60 






( .5,1) 


( .5,1) 


0.4859 


0.4861 


0.4770 


0.4869 


0.0870 


0.0865 


0.0849 


0 . 0858 


61 






(1,1) 


(1,1) 


0.4879 


0.4876 


0.4632 


0.4898 


0.0933 


0.0932 


0.0830 


0.0943 


62 






(2,1) 


(2,1) 


0.5247 


0.5251 


0.5215 


0.5267 


0.0742 


0.0740 


0.0677 


0.0739 


63 






(5,1) 


(5,1) 


0.4675 


0.4657 


0.4771 


0.4672 


0.0710 


0.0713 


0.0563 


0.0707 


64 






(10,1) 


(10,1) 


0.5073 


0.5062 


0,4850 


0.5093 


0.0896 


0.0899 


0 . 0830 


0.0900 


65 






(0,.l) 


(0,.l) 


0.5133 


0.5144 


0.5074 


0.5140 


0.1063 


0 . 1054 


0.0937 


0.1070 


66 






(0,.2) 


(0,.2) 


0.4652 


0.4654 


0.4703 


0.4659 


0.0965 


0.0959 


0 . 0885 


0.0967 


67 






(0,.5) 


(0,.5) 


0.5277 


0.5268 


0.5248 


0.5282 


0.0829 


0.0832 


0 . 0835 


0.0831 


68 






(0,1) 


(0,1) 


0.5029 


0.5023 


0.4907 


0.5044 


0 . 0855 


0 . 0854 


0.0782 


0 . 0845 


69 






(0,2) 


(0,2) 


0.5078 


0.5063 


0.4891 


0.5078 


0.0927 


0.0931 


0 . 0857 


0.0916 


70 






(0,5) 


(0,5) 


0.5377 


0.5377 


0.5313 


0.5401 


0.0775 


0.0778 


0.0679 


0.0773 


71 






(0,10) 


(0,10) 


0.5051 


0.5055 


0.5017 


0.5043 


0.0768 


0.0767 


0.0760 


0.0769 


72 


7 


7 


(-10,1) 


(-10,1) 


0.4360 


0.4362 


0.4429 


0.4386 


0.0785 


0.0784 


0.0700 


0.0788 


73 






(-5,1) 


( -5,1) 


0.5051 


0.5036 


0.5105 


0.5084 


0.0937 


0.0939 


0.0831 


0.0935 


74 






(-2,1) 


(-2,1) 


0.4601 


0.4601 


0.4608 


0.4608 


0 . 0843 


0 . 0844 


0.0785 


0.0837 


75 






(-1,1) 


(-1,1) 


0.4856 


0.4864 


0.4878 


0.4887 


0.0781 


0.0787 


0.0688 


0,0766 


76 






(-.5,1) 


(-.5,1) 


0.5736 


0.5787 


0.5797 


0.5793 


0.0942 


0.0936 


0.0891 


0.0926 


77 






(-.2,1) 


( -.2,1) 


0.4670 


0.4663 


0.4666 


0.4650 


0 . 0851 


0 . 0843 


0.0749 


0 . 0853 



60 



78 

79 

80 

81 

82 

85 

8 ^ 

55 

86 

87 

88 

89 

90 

91 

92 

95 

94 

95 

96 

97 

98 

99 

100 

101 

102 

105 

104 

105 

106 

107 

108 

109 

110 

111 

112 

115 

114 

115 

116 

117 

118 

119 

120 

121 

122 

125 

124 

125 

126 

127 

128 

129 

150 

151 

152 

155 

154 

155 

136 

157 

158 

159 

140 



(-. 1 , 1 ) 


( -. 1 , 1 ) 


0.4606 


0.4610 


0.4604 


0.4587 


0.0895 


0.0895 


0.0864 


0 . 0888 


( 0 , 1 ) 


( 0 , 1 ) 


0.4454 


0 . 4434 


0.4497 


0.4407 


0.0869 


0.0869 


0.0707 


0.0871 


( . 1 , 1 ) 


( . 1 , 1 ) 


0.4843 


0,4341 


0.4876 


0.4856 


0.0954 


0.0934 


0.0893 


0.0936 


( . 2 , 1 ) 


( . 2 , 1 ) 


0.4926 


0.4924 


0.5006 


0.4945 


0.0960 


0.0952 


0.0920 


0.0957 


( . 5 , 1 ) 


( . 5 , 1 ) 


0.4549 


0.4526 


0.4441 


0.4579 


0.0720 


0.0721 


0.0569 


0.0722 


( 1 , 1 ) 


( 1 , 1 ) 


0.4869 


0.4869 


0.4887 


0.4870 


0.1054 


0.1049 


0.1009 


0.1054 


( 2 , 1 ) 


( 2 , 1 ) 


0 . 5580 


0.5576 


0.5752 


0.5564 


0.0614 


0.0611 


0 . 0583 


0.0620 


( 5 , 1 ) 


( 5 , 1 ) 


0.4579 


0.4585 


0.4561 


0.4563 


0.0968 


0.0969 


0.0360 


0.0956 


( 10,1 ) 


( 10 , 1 ) 


0.4560 


0.4564 


0.4675 


0.4551 


0.1045 


0.1046 


0.0981 


0.1038 


( 0 ,. l ) 


( 0, .1 ) 


0.5868 


0.5861 


0.5763 


0 . 5859 


0 . 0856 


0 . 0853 


0.0750 


0.0851 


( 0 ,. 2 ) 


( 0 ,. 2 ) 


0.4552 


0.4534 


0.4468 


0.4546 


0.0951 


0.0955 


0.0859 


0.0956 


( 0 ,. 5 ) 


( 0 ,. 5 ) 


0.5050 


0.5057 


0.4817 


0.5034 


0.0652 


0.0632 


0,0564 


0.0631 


( 0 , 1 ) 


( 0 , 1 ) 


0.5010 


0.5020 


0.5031 


0 . 5008 


0.0889 


0.0895 


0.0729 


0.0900 
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0.0820 


0.0481 


0.0070 


0.0071 


0.0185 


0.0073 


476 






( 10 , 1 ) 




0.0115 


0.0112 


0.0254 


0.0124 


0.0008 


0.0005 


0 . 0054 


0.0007 


477 






( l ,. l ) 




0.5175 


0.5179 


0.3557 


0.5200 


0.0821 


0.0893 


0.0509 


0.0817 


478 






( 1 ,. 2 ) 




0.5036 


0.4961 


0.4797 


0.5004 


0.0647 


0.0684 


0.0568 


0 . 06 S 3 


479 






( 1 ,. 5 ) 




0.4761 


0.4767 


0.4765 


0.4752 


0.0795 


0.0792 


0.0720 


0.0800 


480 






( 1 , 1 ) 




0.5272 


0.5282 


0.5266 


0.5263 


0.1035 


0.1028 


0.0942 


0.1046 


481 






( 1 , 2 ) 




0.5288 


0.5281 


0.5159 


0.5301 


0.0849 


0 . 0841 


0.0808 


0 . 0848 


482 






( 1 , 5 ) 




0 . 5285 


0.5279 


0.5143 


0.5297 


0.0852 


0.0857 


0.0757 


0 . 0855 


483 






( 1 , 10 ) 




0.4391 


0.4307 


0.4691 


0 . 4388 


0.0788 


0.0811 


0.0659 


0.0800 


484 


7 


5 


CHK 1 ) 


CHK 1 ) 


0.4570 


0 . 4465 


0.4705 


0 . 4564 


0.0756 


0.0789 


0.0671 


0.0755 


485 






( 2 ) 


( 2 ) 


0.5609 


0.5495 


0.5673 


0.5603 


0.0821 


0.0870 


0.0743 


0.0825 


486 






( 5 ) 


( 5 ) 


0 . 5465 


0.5433 


0.5418 


0.5447 


0.0750 


0.0761 


0.0651 


0.0754 


487 






( 10 ) 


( 10 ) 


0.4986 


0.4930 


0.4926 


0.4973 


0.0743 


0.0741 


0.0678 


0.0745 


488 






( 1 ) 


( 1 ) 


0.4876 


0.4804 


0.5131 


0.4873 


0.0957 


0.0994 


0.0782 


0.0959 


489 






( 2 ) 




0.2116 


0.2149 


0.2089 


0.2122 


0.0648 


0 . 0645 


0.0487 


0 . 0644 


490 






( 5 ) 




0.0228 


0.0276 


0.0259 


0.0241 


0.0023 


0.0016 


0.0018 


0.0025 


491 






( 10 ) 




0.0018 


0.0016 


0.0022 


0.0025 


0.0000 


0.0000 


0.0000 


0.0000 


492 


7 


6 


( 1 ) 


( 1 ) 


0.4992 


0.4977 


0.4943 


0.4999 


0.0784 


0 . 0847 


0.0654 


0.0789 


493 






( 2 ) 


( 2 ) 


0.5253 


0.5204 


0.5240 


0.5254 


0.0931 


0.0979 


0.0817 


0.0942 


494 






( 5 ) 


( 5 ) 


0.5241 


0.5198 


0.5329 


0.5269 


0.0941 


0.0952 


0.0910 


0.0936 


495 






( 10 ) 


( 10 ) 


0.4936 


0.4925 


0.5105 


0.4931 


0.0732 


0.0740 


0.0660 


0.0722 


496 






( 1 ) 


( 1 ) 


0.5700 


0.5581 


0.5430 


0.5689 


0.0815 


0 . 0888 


0.0757 


0.0811 


497 






( 2 ) 




0 . 2864 


0.2836 


0 . 2541 


0.2870 


0.0488 


0.0493 


0.0371 


0.0477 


498 






( 5 ) 




0.0219 


0.0255 


0.0182 


0.0226 


0.0024 


0.0024 


0.0015 


0.0027 


499 






( 10 ) 




0.0012 


0.0010 


0.0014 


0.0020 


0.0000 


0.0000 


0.0000 


0.0000 


500 


7 


7 


( 1 ) 


( 1 ) 


0.4906 


0 . 4884 


0.5021 


0.4889 


0.0842 


0.0890 


0.0832 


0.0332 


501 






( 2 ) 


( 2 ) 


0.4995 


0.4969 


0.4960 


0.5041 


0.0871 


0.0912 


0.0733 


0.0860 


502 






( 5 ) 


( 5 ) 


0 . 4454 


0 . 4456 


0.4568 


0.4445 


0.0782 


0.0781 


0.0774 


0.0780 
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503 

504 

505 

50 S 

507 

508 

509 

510 

511 

512 

513 

514 

515 

516 

517 

518 

519 

520 

521 

522 

523 

524 

525 

526 

527 

528 

529 

530 

531 

532 

533 

534 

535 

536 

537 

538 

539 

540 

541 

542 

543 

544 

545 

546 

547 

548 

549 

550 

551 

552 

553 

554 

555 

556 

557 

558 

559 



( 10 ) 


( 10 ) 


0.5141 


0.5112 


0.5314 


0.5176 


0.0933 


0.0934 


0.0754 


0.0922 


( 1 ) 


( 1 ) 


0.5428 


0.5489 


0.5677 


0.5405 


0.0697 


0.0738 


0.0747 


0.0688 


( 2 ) 




0.1850 


0.1870 


0.1651 


0.1840 


0.0460 


0.0443 


0.0324 


0.0459 


( 5 ) 




0.0090 


0.0103 


0.0065 


0.0094 


0.0012 


0.0012 


0.0002 


0.0011 


( 10 ) 




0.0006 


0.0004 


0 . C 006 


0.0016 


0.0000 


0.0000 


0.0000 


0.0000 


POIS ( 1 ) POIS ( 1 ) 


0.6204 


0.5397 


0.3303 


0.6214 


0.0914 


0.0979 


0.0695 


0.0896 


( 2 ) 


( 2 ) 


0.5112 


0.4504 


0.2965 


0.5158 


0.0897 


0 . 0885 


0.0690 


0.0896 


( 5 ) 


( 5 ) 


0.4305 


0.4428 


0.3328 


0.4834 


0.0822 


0.0805 


0.0594 


0.0811 


( 10 ) 


( 10 ) 


0.5735 


0.5430 


0 . 4785 


0.5747 


0.0812 


0.0825 


0.0675 


0.0816 


( 1 ) 


( 1 ) 


0.8838 


0.8428 


0 . 6405 


0.8828 


0.0247 


0.0338 


0.0682 


0.0252 


( 2 ) 




0.5776 


0.5133 


0.3505 


0.5833 


0 . 0856 


0.0942 


0.0884 


0.0842 


( 5 ) 




0.0518 


0.0429 


0.0269 


0.0541 


0.0143 


0,0112 


0.0058 


0.0147 


( 10 ) 




0.0019 


0.0006 


0.0016 


0.0027 


0.0000 


0.0000 


0.0000 


0.0000 


( 1 ) 


( 1 ) 


0.6185 


0.5408 


0.2839 


0.6165 


0,0772 


0.0839 


0.0667 


0.0774 


( 2 ) 


( 2 ) 


0.5720 


0.5114 


0.3380 


0.5752 


0.0717 


0.0753 


0.0628 


0.0713 


( 5 ) 


( 5 ) 


0.5191 


0.4832 


0.3811 


0.5174 


0.0731 


0.0728 


0.0605 


0.0727 


( 10 ) 


( 10 ) 


0.5803 


0.5558 


0.4794 


0.5802 


0.0915 


0.0930 


0.0793 


0.0933 


( 1 ) 


( 1 ) 


0.8382 


0.8498 


0.6774 


0.8889 


0.0240 


0.0346 


0.0706 


0.0239 


( 2 ) 




0.5356 


0.4809 


0.3242 


0.5361 


0.0846 


0.0858 


0.0699 


0 . 0835 


( 5 ) 




0.0292 


0.0224 


0.0139 


0.0288 


0.0017 


0.0011 


0.0006 


0.0017 


( 10 ) 




0.0013 


0.0005 


0.0009 


0.0025 


0.0000 


0.0000 


0.0000 


0.0000 


( 1 ) 


( 1 ) 


0.4915 


0.4131 


0.2063 


0.4916 


0.0911 


0 . 0848 


0.0566 


0.0906 


( 2 ) 


( 2 ) 


0.5179 


0.4711 


0.3212 


0.5220 


0.1130 


0.1120 


0.0800 


0,1130 


( 5 ) 


( 5 ) 


0.5986 


0.5609 


0.4546 


0.6027 


0.0709 


0.0717 


0.0623 


0.0699 


( 10 ) 


( 10 ) 


0.5951 


0.5707 


0.5032 


0.5956 


0.0912 


0.0916 


0.0783 


0 . 0894 


( 1 ) 


( 1 ) 


0.9080 


0.8695 


0.6762 


0.9062 


0.0147 


0.0207 


0 . 0545 


0.0148 


( 2 ) 




0.5636 


0.5036 


0.3110 


0.5637 


0.0708 


0.0713 


0 . 0525 


0.0715 


( 5 ) 




0.0136 


0.0142 


0.0107 


0.0202 


0.0010 


0.0006 


0.0004 


0.0011 


( 10 ) 




0 . 0004 


0.0001 


0.0004 


0.0014 


0.0000 


0.0000 


0.0000 


0.0000 


BIN ( 10 ,. l ) BIN ( 10 ,. l ) 


0.5763 


0.4839 


0.2782 


0.5799 


0.0927 


0.0947 


0.0706 


0.0945 


( 10 , . 2 ) 


( 10 ,. 2 ) 


0.5663 


0.5050 


0.3276 


0.5655 


0.1092 


0.1104 


0.0732 


0.1084 


( 10 , . 3 ) 


( 10 , . 3 ) 


0.5948 


0.5358 


0.3776 


0.5967 


0.0767 


0.0755 


0.0607 


0.0768 


( 10 , . 4 ) 


( 10 , . 4 ) 


0.5423 


0.4826 


0.3482 


0.5406 


0.0724 


0.0737 


0.0690 


0.0733 


( 10 , . 5 ) 


( 10 , . 5 ) 


0.6085 


0.5579 


0.4197 


0.6116 


0.0817 


0 . 0853 


0.0760 


0.0825 


( 10 , . 6 ) 


( 10 ,. 6 ) 


0.5207 


0.4672 


0.3284 


0.5201 


0.0983 


0.0944 


0 . 0655 


0.0976 


( 10 ,. 7 ) 


( 10 , . 7 ) 


0.5510 


0.4847 


0.3335 


0.5522 


0.0707 


0.0714 


0.0622 


0.0715 


( 10 ,. 8 ) 


( 10 , . 8 ) 


0.6245 


0.5524 


0.3591 


0.6287 


0.0748 


0.0770 


0.0702 


0.0735 


( 10 , . 9 ) 


( 10 , . 9 ) 


0.5659 


0.4708 


0.2640 


0.5686 


0.0866 


0.0851 


0 . 0553 


0 . 0853 


( 5 , . 5 ) 


( 5 , . 5 ) 


0.6134 


0.5295 


0.3247 


0.6162 


0.0671 


0.0694 


0.0618 


0.0675 


( 10 , . 5 ) 


( 10 , . 5 ) 


0.5683 


0.5151 


0.3750 


0.5684 


0.0803 


0.0807 


0.0618 


0.0813 


( 20 , . 5 ) 


( 20 , . 5 ) 


0.6092 


0.5737 


0.4526 


0.6108 


0.0674 


0.0695 


0.0605 


0.0683 


( 50 , . 5 ) 


( 50 , . 5 ) 


0.5353 


0.5107 


0.4505 


0.5342 


0.0825 


0.0819 


0.0695 


0.0823 


( 100 , . 5 ) 


( 100 , . 5 ) 


0.4912 


0.4730 


0.4175 


0.4911 


0.0794 


0.0804 


0.0654 


0.0796 


( 10 , . 1 ) 


( 10 , . 1 ) 


0.5299 


0.4411 


0.2380 


0.5297 


0.0827 


0.0823 


0.0569 


0.0829 


( 10 , . 2 ) 


( 10 ,. 2 ) 


0.6547 


0.5892 


0.3907 


0.6588 


0.0673 


0.0698 


0.0583 


0.0659 


( 10 ,, 3 ) 


( 10 , . 3 ) 


0.4970 


0 . 4380 


0.2578 


0.4991 


0,0789 


0.0748 


0.0407 


0.0776 


( 10 , . 4 ) 


( 10 , . 4 ) 


0.4861 


0.4310 


0.2933 


0.4846 


0.0817 


0.0794 


0.0612 


0.0819 


( 10 , . 5 ) 


( 10 , . 5 ) 


0.5371 


0.4827 


0.3497 


0.5389 


0.0652 


0.0660 


0.0490 


0.0650 


( 10 , . 6 ) 


( 10 , . 6 ) 


0.6099 


0.5620 


0.4157 


0.6099 


0.0953 


0.0954 


0 . 0853 


0.0963 


( 10 , . 7 ) 


( 10 , . 7 ) 


0.6105 


0.5469 


0.3622 


0.6104 


0.0693 


0.0719 


0.0597 


0.0695 


( 10 , . 8 ) 


( 10 , . 8 ) 


0.5879 


0.5236 


0.3409 


0.5862 


0.0756 


0.0778 


0.0642 


0.0752 


( 10 ,. 9 ) 


( 10 ,. 9 ) 


0.6219 


0.5316 


0.2675 


0.6229 


0.0628 


0.0641 


0.0425 


0.0630 


( 5 , . 5 ) 


( 5 , . 5 ) 


0.6532 


0 . 5845 


0.3875 


0.6550 


0.0690 


0.0778 


0.0709 


0.0685 


( 10 , . 5 ) 


( 10 , . 5 ) 


0.5016 


0.4475 


0.3142 


0.4971 


0.0809 


0.0816 


0.0653 


0.0822 


( 20 , . 5 ) 


( 20 , . 5 ) 


0.5865 


0 . 5545 


0.4440 


0.5063 


0.1005 


0.0985 


0.0841 


0.1007 


( 50 , . 5 ) 


( 50 , . 5 ) 


0.5816 


0.5592 


0.4933 


0.5817 


0.0876 


0 . 0880 


0.0769 


0.0863 


( 100 ,. 5 ) 


( 100 , . 5 ) 


0.5388 


0.5232 


0.4927 


0.5362 


0.0926 


0.0932 


0.0876 


0.0935 
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560 

561 

562 

565 

564 

565 

566 

567 

568 

569 

570 

571 

572 

573 

574 

575 

576 

577 

578 

579 

580 

531 

582 

583 

584 

585 

586 

587 

588 

589 

590 

591 

592 

593 

594 

595 

596 

597 

598 

599 

600 

601 

602 

603 

604 

605 

oQ6 

607 

608 

609 

610 

611 

612 

613 

614 

615 

616 

617 

618 

619 

620 

621 



( 10 ,. l ) 


( 10 , . 1 ) 


0.4986 


0.4257 


0.2067 


0.5003 


0.0957 


0.0928 


0.0441 


0.0954 


( 10 ,. 2 ) 


( 10 ,. 2 ) 


0.6077 


0.5444 


0.3357 


0.6087 


0.0778 


0.0780 


C . 0458 


0 . C 787 


( 10 , . 3 ) 


( 10 , . 3 ) 


0.5699 


0.5149 


0.3634 


0.5691 


0.0833 


0 . 0852 


0.0312 


0.0843 


( 10 , . 4 ) 


( 10 , . 4 ) 


0.5125 


0.4622 


0.3185 


0.5138 


0.0813 


0.0806 


0,0635 


0 . C 815 


( 10 , . 5 ) 


( 10 , . 5 ) 


0.6209 


0.5735 


0,4085 


0.6180 


0.0813 


0.0834 


0.0765 


0.0829 


( 10 ,. 6 ) 


( 10 ,. 6 ) 


0.5317 


0.4874 


0.3652 


0.5300 


0.0976 


0.1003 


0.0934 


0.0965 


( 10 , . 7 ) 


( 10 ,. 7 ) 


0.5732 


0.5189 


0.3388 


0.5769 


0.0760 


0.0767 


0.0607 


0.0757 


( 10 , . 8 ) 


( 10 , . 8 ) 


0 . 5588 


0.5003 


0.3367 


0.5563 


0.0853 


0.0886 


0.0731 


0 . 0855 


( 10 ,. 9 ) 


( 10 , . 9 ) 


0.6147 


0.5318 


0.2786 


0.6154 


0.0839 


0.0879 


0.0665 


0.0846 


( 5 , . 5 ) 


( 5 , . 5 ) 


0.5356 


0.4603 


0.2550 


0 . 5384 


0.0686 


0.0644 


0.0462 


0.0688 


( 10 , . 5 ) 


( 10 ,. 5 ) 


0,5494 


0.4990 


0.3530 


0 . 5483 


0.0779 


0.0764 


0.0640 


0.0776 


( 20 , . 5 ) 


( 20 , . 5 ) 


0 . 6 C 08 


0.5659 


0.4478 


0.5972 


0.0872 


0.0891 


0.0724 


0.0871 


( 50 , . 5 ) 


( 50 , . 5 ) 


0.5662 


0.5637 


0.4301 


0.5857 


0.0940 


0.0948 


0.0873 


0.0946 


( 100 , . 5 ) 


( ICO , . 5 ) 


0.5149 


0.4979 


0.4454 


0.5157 


0.0869 


0.0863 


0.0773 


0.0863 


( 50 ,. l ) 


( 50 , . 5 ) 


1.0000 


1.0000 


0.9936 


1.0000 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 , . 2 ) 




1.0000 


0.9999 


0 . 9985 


1.0000 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 , . 3 ) 




0.9996 


0.9993 


0.9972 


0.9996 


0.0000 


0.0000 


0.0000 


O.COOO 


( 50 , . 4 ) 




0.9510 


0.9452 


0.9100 


0 . 9508 


0.0136 


0.0148 


0.0203 


0.0140 


( 50 , . 5 ) 




0.4830 


0.4575 


0.4198 


0.4839 


0.0705 


0.0709 


0.0672 


0.0711 


( 50 ,. 6 ) 




0.0705 


0.0607 


0.0538 


0.0731 


0.0131 


0.0113 


0,0078 


0.0136 


( 50 ,. 7 ) 




0.0022 


0.0009 


0.0019 


0.0031 


0.0000 


O.COOO 


0.0000 


0.0000 


( 50 ,. 8 ) 




0.0013 


0.0000 


0.0014 


0.0023 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 , . 9 ) 




0.0013 


0.0000 


0.0014 


0.0021 


0.0000 


0.0000 


0.0000 


0.0000 


( 10 , . 5 ) 


( 50 , . 5 ) 


1.0000 


1.0000 


0.9986 


1.0000 


0.0000 


0.0000 


0.0000 


0.0000 


( 20 , . 5 ) 




1.0000 


1.0000 


0.9985 


1.0000 


0.0000 


0.0000 


0.0000 


0.0000 


( 30 , . 5 ) 




0.9997 


0.9994 


0.9973 


0.9997 


0.0000 


0.0000 


0.0000 


0.0000 


( 40 , . 5 ) 




0.9734 


0.9682 


0.9464 


0.9724 


0.0017 


0.0023 


0.0044 


0.0019 


( 50 , . 5 ) 




0.4821 


0.4603 


0.4029 


0.4814 


0.1019 


0.1021 


0.0822 


0.1018 


( 60 , . 5 ) 




0.1025 


0.0918 


0 . 0878 


0.1032 


0.0255 


0.0222 


0.0229 


0.0259 


( 70 , , 5 ) 




0.0060 


0.0038 


0.0053 


0.0067 


0.0001 


0.0001 


0.0001 


0.0001 


( 80 , . 5 ) 




0.0015 


0.0002 


0.0015 


0.0025 


0.0000 


0.0000 


0.0000 


0.0000 


( 90 , . 5 ) 




0.0013 


0.0000 


0.0014 


0.0021 


0.0000 


0.0000 


0.0000 


0.0000 


( 100 ,. 5 ) 




0.0013 


0.0000 


0.0014 


0.0024 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 ,. l ) 


( 50 , . 5 ) 


l.OOCO 


1.0000 


0.9994 


1.0000 


0.0000 


0,0000 


0.0000 


0.0000 


( 50 , . 2 ) 




1.0000 


1.0000 


0.9993 


1.0000 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 , . 3 ) 




0 . 9935 


0.9985 


0 . 9952 


0 . 9986 


0.0000 


0.0000 


0.0001 


0.0000 


( 50 , . 4 ) 




0.9535 


0.9467 


0.9185 


0.9531 


0.0092 


0.0109 


0.0158 


0.0095 


( 50 , . 5 ) 




0.5030 


0.4817 


0.4236 


0.5055 


0.0873 


0.0878 


0.0840 


0.0863 


( 50 , . 6 ) 




0.0461 


0.0394 


0.0356 


0.0465 


0.0093 


0.0078 


0.0068 


0.0091 


( 50 , . 7 ) 




0.0019 


0 . C 008 


0.0018 


0.0028 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 , . 8 ) 




0.0006 


0.0000 


0.0006 


0.0017 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 , , 9 ) 




0.0006 


0.0000 


0.0006 


0.0014 


0.0000 


0.0000 


0.0000 


0.0000 


( 10 , . 5 ) 


( 50 , . 5 ) 


1.0000 


1.0000 


0.9994 


1.0000 


0,0000 


0.0000 


0.0000 


0.0000 


( 20 ,. 5 ) 




1.0000 


1.0000 


0.9994 


1.0000 


0.0000 


0.0000 


0.0000 


0.0000 


( 30 , . 5 ) 




0.9995 


0.9994 


0.9973 


0.9996 


0.0000 


0.0000 


0.0000 


0.0000 


( 40 , . 5 ) 




0.9675 


0.9618 


0.9313 


0.9690 


0.0031 


0.0039 


0.0108 


0.0032 


( 50 , . 5 ) 




0 . 5574 


0.5325 


0.4605 


0.5564 


0.0780 


0.0790 


0.0665 


0.0790 


( 60 , . 5 ) 




0.0687 


0.0625 


0.0550 


0.0698 


0.0193 


0.0175 


0.0116 


0.0190 


( 70 , . 5 ) 




0.0028 


0.0016 


0.0035 


0.0036 


0.0000 


0.0000 


0.0001 


0.0000 


( 80 ,. 5 ) 




0.0006 


0.0000 


0.0006 


0.0014 


0.0000 


0.0000 


0.0000 


0.0000 


( 90 , . 5 ) 




0.0006 


0.0000 


0.0006 


0.0014 


0.0000 


0.0000 


0.0000 


0.0000 


( 100 , . 5 ) 




0.0006 


0.0000 


0.0006 


0.0016 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 ,. l ) 


( 50 , . 5 ) 


1.0000 


1.0000 


0.9997 


1.0000 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 ,. 2 ) 




1.0000 


1.0000 


0.9997 


1.0000 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 , . 3 ) 




0.9996 


0.9996 


0.9979 


0.9996 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 , . 4 ) 




0.9684 


0.9641 


0 . 9460 


0.9686 


0.0049 


0.0059 


0.0094 


0.0045 


( 50 , . 5 ) 




0.5172 


0.4945 


0.4364 


0.5165 


0 . 0830 


0.0896 


0,0829 


0.0870 


( 50 ,. 6 ) 




0.0417 


0.0358 


0.0284 


0.0429 


0.0050 


0.0040 


0.0028 


0.0052 


( 50 , . 7 ) 




0.0006 


0.0002 


0.0006 


0.0016 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 , . 8 ) 




0.0003 


0.0000 


0.0003 


0.0013 


0.0000 


0.0000 


0.0000 


0.0000 


( 50 , , 9 ) 




0.0003 


0.0000 


0.0003 


0.0012 


0.0000 


0.0000 


0.0000 


0.0000 


( 10 , . 5 ) 


( 50 , . 5 ) 


1.0000 


1.0000 


0.9997 


1.0000 


0.0000 


0.0000 


0.0000 


0.0000 
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622 

623 

624 

625 

626 

627 

628 

629 

630 

631 

632 

633 

634 

635 

636 

637 

633 

639 

640 

641 

642 

643 

644 

645 

646 

647 

648 

649 

650 

651 

652 

653 

654 

655 

656 

657 

658 

659 

660 

661 

662 

663 

664 

665 

666 

667 

668 

669 

670 

671 

672 

673 

674 

675 

676 

677 

678 

679 

680 

681 

682 

683 

684 



( 20 , . 5 ) 




1.0000 


1.0000 


0.9997 


1.0000 


0.0000 


0.0000 


0.0000 


0.0000 


( 30 , . 5 ) 




0 . 9998 


0.9998 


0.9990 


0.9999 


0.0000 


0.0000 


0.0000 


0.0000 


( 40 , . 5 ) 




0.9821 


0.9787 


0.9554 


0.9822 


0.0009 


0.0012 


0.0041 


0.0010 


( 50 , . 5 ) 




0.5702 


0.5468 


0.4816 


0.5689 


0.0758 


0.0761 


0.0667 


0.0762 


( 60 , . 5 ) 




0.0390 


0.0344 


0.0368 


0.0399 


0.0048 


0.0040 


0.0044 


0.0045 


( 70 , . 5 ) 




0.0018 


0.0010 


0.0019 


0.0026 


0.0000 


0.0000 


0.0000 


0 . 0000 


( 80 , . 5 ) 




0.0004 


0.0001 


0.0005 


0.0016 


0.0000 


0.0000 


0.0000 


0.0000 


( 90 , . 5 ) 




0.0003 


0.0000 


0.0003 


0.0012 


0.0000 


0.0000 


0.0000 


0.0000 


( 100 , . 5 ) 




0.0003 


0.0000 


0 . 0003 


0.0012 


0 . 0000 


0.0000 


0.0000 


0.0000 


GEOM (. l ) GEOM (. l ) 


0.4785 


0.4681 


0.4116 


0.4798 


0.0940 


0.0949 


0.0793 


0.0927 


( . 2 ) 


( . 2 ) 


0.5105 


0.4738 


0.4113 


0.5101 


0.0573 


0.0579 


0.0593 


0.0571 


( . 3 ) 


( . 3 ) 


0.5725 


0.5288 


0.3701 


0.5764 


0 . 0858 


0.0912 


0.0724 


0.0860 


( . 4 ) 


( . 4 ) 


0.6032 


0.5468 


0.3652 


0.6044 


0 . 0743 


0.0849 


0.0725 


0.0752 


( . 5 ) 


( . 5 ) 


0.5993 


0.5207 


0.2925 


0.5992 


0.0896 


0.0907 


0.0664 


0.0908 


( . 6 ) 


( . 6 ) 


0.5527 


0.4440 


0 . 1683 


0.5544 


0.0629 


0.0675 


0.0335 


0.0618 


( . 7 ) 


( . 7 ) 


0.6060 


0.4554 


0.1259 


0.6068 


0.0726 


0.0796 


0.0334 


0.0704 


( . 8 ) 


( . 8 ) 


0.6728 


0.4654 


0.0627 


0.6723 


0.0815 


0.0712 


0.0077 


0.0809 


( . 9 ) 


( . 9 ) 


0.7414 


0.4233 


0.0377 


0.7435 


0.0728 


0.0747 


0.0074 


0.0715 


( . 1 ) 


( . 5 ) 


0.0533 


0.0699 


0.0297 


0.0540 


0.0129 


0.0127 


0.0042 


0.0135 


( . 2 ) 




0.1359 


0.1179 


0.0736 


0.1396 


0.0260 


0.0193 


0.0156 


0.0256 


( . 3 ) 




0.2910 


0.2437 


0.1423 


0.2931 


0.0509 


0.0444 


0.0299 


0.0512 


( . 4 ) 




0.3952 


0.3305 


0.1651 


0.3961 


0.0773 


0.0722 


0.0387 


0.0769 


( . 5 ) 




0.6066 


0.5230 


0.2921 


0.6063 


0.0831 


0.0978 


0.0796 


0.0840 


( . 6 ) 




0.7414 


0.6731 


0.3698 


0.7424 


0.0603 


0.0737 


0.0688 


0.0606 


( . 7 ) 




0.8103 


0.7152 


0 . 3556 


0.8093 


0.0355 


0.0619 


0.0672 


0.0355 


( . 8 ) 




0.8872 


0.8253 


0.3933 


0.8880 


0.0410 


0.0498 


0.0815 


0 . 0415 


( . 9 ) 




0.9622 


0.8782 


0.4922 


0.9607 


0.0061 


0.0286 


0.1332 


0.0065 


( . 1 ) 


( . 1 ) 


0.5375 


0.5268 


0.4777 


0.5373 


0.0674 


0.0702 


0.0703 


0.0669 


( . 2 ) 


( . 2 ) 


0.4658 


0.4403 


0.3466 


0.4658 


0.0812 


0.0830 


0.0745 


0.0824 


( . 3 ) 


( . 3 ) 


0.6138 


0.5748 


0.4211 


0.6140 


0.0812 


0.0862 


0 . 0808 


0.0806 


( . 4 ) 


( . 4 ) 


0.5450 


0.4860 


0.2656 


0.5475 


0.0769 


0.0796 


0.0442 


0.0768 


( . 5 ) 


( . 5 ) 


0.4707 


0 . 4 C 89 


0.1759 


0.4654 


0.0949 


0.0928 


0.0433 


0.0950 


( . 6 ) 


( . 6 ) 


0.6424 


0.5504 


0.2232 


0.6419 


0.0761 


0.0873 


0.0496 


0.0753 


( . 7 ) 


( . 7 ) 


0.5855 


0.4457 


0.1196 


0.5848 


0.0891 


0 . 0868 


0.0236 


0.0889 


( . 8 ) 


( . 8 ) 


0.7246 


0.5471 


0.0846 


0.7248 


0.0763 


0.0960 


0.0166 


0 . 0758 


( . 9 ) 


( . 9 ) 


0.7873 


0.5023 


0.0296 


0.7878 


0.0559 


0.0834 


0.0034 


0.0562 


( . 1 ) 


( . 5 ) 


0.0321 


0 . 0383 


0.0193 


0.0347 


0.0021 


0.0016 


0.0009 


0.0024 


( . 2 ) 




0.0899 


0 . 0748 


0 . 0458 


0.0926 


0.0134 


0.0088 


0.0076 


0.0138 


( . 3 ) 




0.1773 


0.1428 


0.0760 


0.1773 


0.0304 


0.0215 


0.0127 


0.0297 


( . 4 ) 




0.4204 


0.3648 


0.1742 


0.4190 


0.0855 


0.0807 


0.0444 


0.0860 


( . 5 ) 




0.5264 


0.4543 


0.2466 


0.5272 


0.0796 


0.0864 


0.0752 


0.0797 


( . 6 ) 




0 . 7452 


0.6767 


0.3563 


0.7434 


0.0696 


0.0835 


0.0929 


0.0691 


( . 7 ) 




0.8914 


0.8376 


0.4790 


0.8923 


0.0251 


0.0314 


0.0784 


0.0242 


( . 8 ) 




0.9076 


0.8345 


0.4230 


0 . 9083 


0.0356 


0.0486 


0.1208 


0.0359 


( . 9 ) 




0.9509 


0.8954 


0.4042 


0.9512 


0.0067 


0.0125 


0.0800 


0.0070 


( . 1 ) 


( . 1 ) 


0.5106 


0.5027 


0.4106 


0.5117 


0 . 0863 


0.0862 


0.0692 


0.0855 


( . 2 ) 


( . 2 ) 


0.5386 


0.5181 


0.3814 


0.5413 


0.0927 


0.0918 


0.0642 


0.0930 


( . 3 ) 


( . 3 ) 


0.5782 


0.5479 


0.3780 


0.5777 


0.0740 


0.0796 


0.0569 


0.0737 


( . 4 ) 


( . 4 ) 


0.5798 


0.5300 


0.2911 


0.5798 


0.0740 


0.0803 


0.0545 


0.0742 


( . 5 ) 


( . 5 ) 


0.5376 


0.4728 


0.1980 


0.5348 


0.0733 


0.0711 


0.0283 


0.0743 


( . 6 ) 


( . 6 ) 


0.5598 


0.4811 


0.1761 


0.5605 


0.0994 


0.1034 


0.0388 


0.0994 


( . 7 ) 


( . 7 ) 


0.6437 


0.5192 


0.1322 


0.6414 


0.0837 


0.0908 


0.0314 


0.0831 


( . 8 ) 


( . 8 ) 


0 . 6848 


0.5058 


0 . 0380 


0 . 6843 


0.0937 


0.0909 


0.0050 


0.0953 


( . 9 ) 


( . 9 ) 


0.7275 


0.4516 


0.0091 


0 . 7284 


0.1000 


0.0783 


0 . 0004 


0.0990 


( . 1 ) 


( . 5 ) 


0.0188 


0.0216 


0 . 0085 


0.0192 


0.0012 


0.0007 


0.0002 


0.0011 


( . 2 ) 




0.1155 


0.0998 


0.0470 


0.1159 


0.0289 


0.0261 


0.0097 


0.0281 


( . 3 ) 




0.2977 


0.2514 


0.1367 


0.3011 


0.0732 


0.0618 


0.0306 


0.0738 


( . 4 ) 




0.4276 


0.3749 


0.2098 


0.4248 


0.0914 


0.0868 


0.0610 


0.0900 


( . 5 ) 




0.6304 


0.5766 


0.2972 


0.6311 


0.0765 


0.0867 


0.0725 


0.0756 


( . 6 ) 




0.6713 


0.5979 


0.2518 


0.6715 


0.0709 


0.0769 


0 . 0486 


0.0705 


( . 7 ) 




0.8234 


0.7575 


0.3451 


0.8237 


0.0398 


0.0490 


0.0610 


0.0401 


( . 8 ) 




0.9030 


0.8513 


0.3891 


0.9050 


0.0210 


0.0250 


0.0792 


0.0206 


( . 9 ) 




0 . 9482 


0.8829 


0.4025 


0.9477 


0.0122 


0.0250 


0.0871 


0.0126 
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APPENDIX C 

TWO SAMPLE APPROXIMATE RANDOMIZATION TEST 



NUf^ER OF ITERATIONS: 
SAMPLE DISTRIBUTIONS: 

SAMPLE 

SIZES 



50 

N(0,1) 



AVERAGES 



VARIANCES 



CASE 


1 


2 


P 


R 


T 


M 


A 


R 


T 


M 


A 


685 


7 


7 


200 


0.5288 


0.5299 


0.5154 


0.5310 


0.0756 


0.0759 


0.0767 


0.0765 


685 






300 


0.5066 


0.5075 


0.5112 


0.5153 


0.0899 


0.0903 


0.0396 


0.0908 


637 






400 


0.5790 


0.5790 


0.5874 


0.5787 


0.0732 


0.0727 


0.0673 


0.0732 


683 






500 


0.4520 


0.4519 


0.4674 


0.4530 


0.0903 


0.0905 


0.0797 


0.0889 


689 






600 


0.5009 


0.5012 


0.4856 


0.5010 


0.0973 


0.0975 


0.0788 


0.0957 


690 






700 


0.5863 


0.5362 


0.5809 


0.5874 


0.0907 


0.0911 


0.0849 


0.0906 


691 






800 


0.5394 


0.5391 


0.5293 


0.5362 


0.0857 


0.0857 


0.0726 


C.C850 


692 






9C0 


0.5405 


0.5396 


0.5445 


0.5394 


0.0734 


0.0745 


0.0522 


0.0742 


695 






1000 


0.4851 


0.4866 


0.4921 


0.4856 


0.0S53 


0.0854 


0.0760 


0 . 0863 


69^ 






1100 


0 . 5447 


0.5455 


0.5424 


0.5457 


0.0975 


0.0971 


0.0870 


0.0971 


695 






1200 


0.4499 


0.4503 


0.4429 


0.4486 


0 . 0883 


0.0835 


0.0770 


0.08C4 


696 






1300 


C.5088 


0.5086 


0.5220 


0.5114 


0.0785 


0.0786 


0.0685 


0.0780 


697 






1400 


0.4459 


0.4455 


0.4399 


0.4472 


0.0801 


0.0307 


0.C780 


0.0300 


698 






1500 


0.4595 


0.4593 


0.4589 


0.4612 


0.0872 


0.0C71 


0.0754 


C.0870 


699 






1600 


0.5284 


0.5282 


0.5257 


0.5298 


0.0723 


0.0722 


0.0753 


0.0723 


700 






1700 


0.4909 


0.4912 


0.4808 


0.4932 


0.0915 


0.0912 


0.0799 


0.0920 


701 






1800 


0.4818 


0.4813 


0.4807 


0.4794 


0.0960 


0.0960 


0 . 0853 


0.0962 


702 






1900 


0.5321 


0.5338 


0.5349 


0.5325 


0.0839 


0.0884 


0.0842 


0.0888 


703 






2000 


0.5171 


0.5178 


0.4966 


0.5196 


0.0727 


0.0723 


0.0641 


C.0728 


704 


8 


7 


200 


0.5363 


0.5372 


0.5287 


0.5338 


0.0788 


0.0791 


0.0790 


0.0808 


705 






300 


0.5284 


0.5281 


0.5329 


0.5366 


0.0920 


0.0918 


0.0904 


0.0924 


706 






400 


0.5702 


0.5702 


0.5750 


0.5709 


0.0770 


0.0769 


0.0694 


0.0781 


7C7 






5C0 


0.4628 


0.4633 


0.4721 


0.4614 


C . 0834 


0.0884 


0.0810 


0 . 0884 


708 






600 


0.4979 


0.4983 


0.4856 


0.5014 


0 . 0858 


0.0860 


0.0696 


0.0866 


709 






700 


0.5792 


0.5791 


0.5710 


0.5800 


0.0807 


0.0809 


0.0780 


0.0816 


710 






800 


0.5340 


0.5340 


0.5195 


0.5331 


0.0906 


0.0907 


0.0799 


0.0893 


711 






900 


0.5285 


0.5278 


0.5302 


0.5291 


0.0756 


0.0764 


0.C572 


0.0754 


712 






loco 


0.4782 


0.4793 


0.4953 


0.4779 


0 . C855 


0.0863 


0.0777 


0 . 0853 


713 






1100 


0.5482 


0.5490 


0.5475 


0.5506 


0.0999 


0.0998 


0.0887 


0.1005 


714 






1200 


0.4591 


0.4595 


0.4390 


0.4607 


0.0898 


0.0899 


0.0767 


0.0905 


715 






1300 


0.5162 


0.5162 


0.5234 


0.5179 


0.0789 


0.0790 


0.0716 


0.0790 


716 






1400 


0.4482 


0.4485 


0.4451 


0.4479 


0.0316 


0.0823 


0.0774 


0.0807 


717 






1500 


0.4550 


0.4548 


0.4496 


0.4579 


0.0874 


0.0373 


0.0773 


0.0881 


718 






1600 


0.5188 


0.5189 


0.5121 


0.5192 


0.0660 


0.0661 


0.0680 


0.0659 


719 






1700 


0.5056 


0.5066 


0.4938 


0.5084 


0.0862 


0.0863 


0.0736 


0.0865 


720 






1800 


0.4684 


0.4684 


0.4662 


0.4677 


0.1C03 


0.1005 


0.0922 


0.1003 


721 






1900 


0.5499 


0.5506 


0.5454 


0.5502 


0.0873 


0.0868 


0.0866 


0.0878 


722 






2000 


0.5068 


0.5072 


0.4633 


0.5047 


0.0695 


0.0692 


0.0602 


0.0698 


723 


9 


7 


200 


0.4733 


0.4731 


0.4856 


0.4764 


0.1062 


0.1063 


0.1001 


0.1054 


724 






300 


0.4457 


0.4461 


0.4678 


0.4569 


0.0715 


0.0715 


0.0681 


0.0723 


725 






400 


0.5221 


0.5216 


0.5430 


0.5179 


0.0750 


0.0752 


0.0680 


0.0767 


726 






500 


0.5444 


0.5448 


0.5281 


0.5467 


0.0945 


0.0939 


0.0903 


0.0933 


727 






600 


0.4557 


0.4549 


0.4542 


0.4592 


0.0927 


0.0925 


0.0836 


0.0930 


728 






700 


0.5268 


0.5262 


0.5247 


0.5284 


0.0863 


0.0861 


0.0765 


0.0865 


729 






800 


0.5643 


0.5650 


0.5526 


0.5681 


0.0751 


0.0753 


0.0718 


0.0752 


730 






900 


0.4534 


0.4542 


0.4681 


0.4542 


0.0711 


0.0717 


0.0693 


0.0708 


731 






1000 


0.4784 


0.4776 


0.4858 


0.4778 


0.0864 


0 . 0864 


0,0742 


0.0860 


732 






1100 


0.5376 


0.5360 


0.5382 


0.5349 


0.0933 


0.0936 


0.0864 


0.0935 


733 






1200 


0.5131 


0.5133 


0.5148 


0.5125 


0.0775 


0.0774 


0.0682 


0.0770 


734 






1300 


0.4451 


0.4449 


0.4479 


0.4434 


0.0816 


0.0810 


0.0797 


0.0310 


735 






1400 


0.5421 


0.5416 


0.5303 


0.5426 


0.0745 


0.0748 


0.0689 


0.0750 


736 






1500 


0.5479 


0.5478 


0.5536 


0.5488 


0.0788 


0.0783 


0.0677 


0.0786 
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737 


1600 


0.4959 


0 . 4953 


0.4918 


738 


1700 


0.5967 


0.5947 


0.5938 


739 


1800 


0.4405 


0.4397 


0.4465 


7 <kQ 


1900 


0.4997 


0.4999 


0.5060 


7^1 


2000 


0.4891 


0.4897 


0.4914 



.4969 


0.0926 


0.0927 


0.0872 


0.0930 


.5961 


0.0649 


0.0650 


0.0612 


0.0644 


.4422 


0.0687 


0 . 0688 


0.0570 


0.0682 


.4996 


0.1004 


0.1003 


0.0911 


0.1000 


.4900 


0.0879 


0.0878 


0.0869 


0.0875 



0 

0 

0 

0 

0 
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APPENDIX D 

ANOVA CHANGES IN SAMPLE SIZES 



NUMBER OF ITERATIONS: 50 

SAMPLE DISTRIBUTIONS: N(0,1) 

APPROXIMATE RANDOMIZATION SAMPLE SIZE: 1000 



CASE 


SAMPLE 
SIZES 
12 3 


R 


AVERAGES 
F K 


A 


R 


VARIANCES 
F K 


A 


7^2 


2 


2 


2 


0.5773 


0.5424 


0.5470 


0.5568 


0.0865 


0.0886 


0.0891 


0.0867 


7^3 


3 


3 


3 


0.4421 


0.4369 


0.4540 


0.4414 


0.0876 


0.0822 


0.0903 


0.0877 


7^ 


4 


4 


4 


0.5151 


0.5124 


0.5089 


0.5172 


0.0846 


0.0833 


0.0728 


0.0852 


745 


4 


4 


3 


0.5334 


0.5314 


0.5477 


0.5312 


0.0801 


0.0771 


0.0766 


0.0805 


746 


4 


4 


2 


0.4449 


0.4458 


0.4751 


0.4447 


0.0763 


0.0762 


0.0847 


0.0767 


747 


4 


3 


3 


0.5126 


0.5080 


0.5152 


0.5117 


0 . 0856 


0.0813 


0.0859 


0.0862 


748 


4 


3 


2 


0.4477 


0.4457 


0.4631 


0.4493 


0.0866 


0 . 0865 


0.0888 


0 . 0854 
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APPENDIX E 

ANOVA DISTRIBUTIONAL CHANGES 



NUMBER OF ITERATIONS: 50 

APPROXIMATE RANDOMIZATION SAMPLE SIZE: 1000 

SAMPLE 





SIZES 


SAMPLE 


DISTRIBirriONS 




AVERAGES 






VARIANCES 




CASE 


1 


2 


3 


1 


2 


3 


R 


F 


K 


A 


R 


F 


K 


A 


7^9 


4 


4 


4 


N( -10,1) 


N(-10,l) 


N(-10,l) 


0.5441 


0.5409 


0.5429 


0.5418 


0.0789 


0,0780 


0.0832 


0.0787 


750 








( -5,1) 


(-5,1) 


(-5,1) 


0.4470 


0.4480 


0 . 4343 


0.4418 


0.1017 


0.1039 


0.0841 


0.1007 


751 








( -2,1) 


(-2,1) 


(-2,1) 


0.5044 


0.5028 


0.4994 


0.5018 


0.0754 


0.0733 


0.0671 


0.0762 


752 








( -1,1) 


(-1,1) 


(-1,1) 


0.5313 


0.5298 


0.5205 


0.5340 


0.0804 


0.0809 


0.0790 


0.0799 


753 








(-.5,1) 


(-.5,1) 


(-.5,1) 


0.5617 


0.5631 


0.5639 


0.5619 


0,0772 


0.0773 


0.0752 


0.0766 


75^ 








(-.2,1) 


(-.2,1) 


(-.2,1) 


0.5188 


0.5209 


0.5215 


0,5217 


0.0821 


0 . 0824 


0.0779 


0.0819 


755 








(-.1,1) 


(-.1,1) 


(-.1,1) 


0.4660 


0.4688 


0.4478 


0.4674 


0.0859 


0.0834 


0,0802 


0 . 0845 


756 








(0,1) 


(0,1) 


(0,1) 


0.5048 


0.5041 


0.4986 


0.5045 


0.0825 


0.0831 


0.0818 


0 . 0842 


757 








( .1,1) 


( .1,1) 


( .1,1) 


0.5151 


0.5124 


0,5089 


0.5127 


0 . 0846 


0 . 0833 


0.0728 


0 . 0846 


758 








( .2,1) 


( .2,1) 


( .2,1) 


0.5222 


0.5222 


0.5334 


0.5225 


0.0787 


0.0778 


0.0744 


0.0787 


759 








( .5,1) 


( .5,1) 


( .5,1) 


0.4844 


0.4831 


0.4897 


0.4862 


0 . 0686 


0 . 0882 


0.0766 


0.0892 


760 








(1,1) 


(1,1) 


( 1,1) 


0.5636 


0.5579 


0.5232 


0.5646 


0.0850 


0.0847 


0.0744 


0 . 0856 


761 








(2,1) 


(2,1) 


(2,1) 


0.4731 


0.4745 


0.4735 


0.4739 


0.0733 


0.0740 


0.0677 


0.0727 


762 








(5,1) 


(5,1) 


(5,1) 


0.5429 


0.5424 


0.5489 


0.5411 


0.0830 


0.0820 


0.0845 


0.0831 


763 








(10,1) 


( 10,1) 


(10,1) 


0.4356 


0.4373 


0.4546 


0.4341 


0.0970 


0.0956 


0.0997 


0.0969 


764 








(0,.l) 


(0,.l) 


(0,.l) 


0.5350 


0.5335 


0.5198 


0.5345 


0.0681 


0.0690 


0.0797 


0.0690 


765 








(0,.2) 


(0,.2) 


(0,.2) 


0.4658 


0.4645 


0.4513 


0.4649 


0.0714 


0.0708 


0.0656 


0.0724 


766 








(0,.5) 


(0,.5) 


(0,.5) 


0.5296 


0.5280 


0.5304 


0.5325 


0.0819 


0.0817 


0.0805 


0.0804 


767 








(0,1) 


(0,1) 


(0,1) 


0.4737 


0.4752 


0.4702 


0.4745 


0.0961 


0.0963 


0.0801 


0.0962 


768 








(0,2) 


(0,2) 


(0,2) 


0.5360 


0.5336 


0.5289 


0.5388 


0.0758 


0.0758 


0.0766 


0 . 0755 


769 








(0,5) 


(0,5) 


(0,5) 


0.5051 


0.5046 


0.5374 


0.5036 


0.0931 


0.0934 


0.0816 


0.0929 


770 








(0,10) 


(0,10) 


(0,10) 


0.4886 


0.4890 


0.4867 


0.4902 


0.0813 


0.0831 


0.0739 


0 . 0805 


771 


3 


3 


3 


(-10,1) 


(-10,1) 


(-10,1) 


0.5075 


0.5101 


0.4854 


0.5079 


0.0734 


0.0754 


0.0583 


0.0735 


772 








(-5,1) 


(-5,1) 


(-5,1) 


0.4730 


0.4749 


0.4710 


0.4749 


0.0879 


0.0875 


0.0878 


0.0890 


773 








(-2,1) 


(-2,1) 


(-2,1) 


0.5031 


0.4987 


0.4989 


0.5006 


0.0702 


0.0706 


0.0656 


0.0703 


774 








(-1,1) 


(-1,1) 


(-1,1) 


0.4843 


0.4796 


0.4851 


0.4830 


0.0768 


0.0784 


0.0743 


0.0764 


775 








(-.5,1) 


(-.5,1) 


(-.5,1) 


0.5623 


0.5615 


0.5652 


0,5624 


0.0675 


0.0673 


0.0614 


0.0676 


776 








( -.2,1) 


(-.2,1) 


(-.2,1) 


0.5424 


0.5433 


0.5614 


0.5433 


0.0767 


0.0767 


0.0816 


0.0767 


777 








(-.1,1) 


(-.1,1) 


(-.1,1) 


0.4716 


0.4746 


0.4522 


0.4703 


0.0935 


0.0921 


0.0905 


0.0934 


778 








(0,1) 


(0,1) 


(0,1) 


0.5091 


0.5150 


0.5003 


0.5105 


0.0865 


0.0894 


0.0771 


0.0864 


779 








( .1,1) 


( .1,1) 


( .1,1) 


0.5151 


0.5121 


0.5095 


0.5149 


0.0968 


0.0875 


0 . 0883 


0.0961 


780 








( .2,1) 


( .2,1) 


( .2,1) 


0.5464 


0.5369 


0.5705 


0.5465 


0.0738 


0.0741 


0.0765 


0.0734 


781 








( .5,1) 


( .5,1) 


( .5,1) 


0.4750 


0.4678 


0.5083 


0.4742 


0.0860 


0.0870 


0.0801 


0 . 0863 


782 








(1,1) 


(1,1) 


(1,1) 


0.5383 


0.5372 


0.5223 


0.5412 


0.0802 


0.0800 


0.0732 


0.0794 


783 








(2,1) 


(2,1) 


(2,1) 


0.5069 


0.5065 


0.5071 


0.5057 


0.0799 


0.0833 


0.0780 


0.0800 


784 








(5,1) 


(5,1) 


(5,1) 


0.5479 


0.5449 


0.5406 


0.5452 


0.0935 


0.0941 


0 . 0858 


0.0925 


785 








(10,1) 


(10,1) 


(10,1) 


0.4765 


0.4787 


0.4876 


0.4770 


0 . 0853 


0.0834 


0 . 0855 


0.0860 


786 








(0,.l) 


(0,.l) 


(0,.l) 


0.5643 


0.5618 


0,5462 


0.5642 


0.0737 


0.0764 


0.0703 


0.0743 


787 








(0,.2) 


(0,.2) 


(0,.2) 


0.5514 


0.5529 


0.5418 


0.5530 


0.0812 


0 . 0843 


0.0700 


0.0803 


788 








(0,.5) 


(0,.5) 


(0,.5) 


0.5141 


0.5175 


0.5055 


0.5128 


0.0783 


0.0738 


0,0716 


0.0778 


789 








(0,1) 


(0,1) 


(0,1) 


0.3866 


0.3797 


0.4003 


0.3857 


0.0857 


0,0819 


0.0865 


0.0861 


790 








(0,2) 


(0,2) 


(0,2) 


0.5814 


0.5855 


0.5881 


0.5807 


0.0758 


0.0772 


0,0819 


0.0745 


791 








(0,5) 


(0,5) 


(0,5) 


0.4979 


0.4987 


0.5037 


0.4955 


0.0636 


0.0632 


0.0618 


0.0642 


792 








(0,10) 


(0,10) 


(0,10) 


0.5031 


0.4999 


0.4902 


0.5030 


0.0908 


0.0944 


0.0829 


0.0906 


793 


2 


2 


2 


( -10,1) 


(-10,1) 


(-10,1) 


0.5187 


0.4914 


0.4761 


0.5104 


0.0839 


0.0837 


0.0891 


0.0826 


794 








( -5,1) 


(-5,1) 


(-5,1) 


0.5280 


0.5093 


0.4985 


0.4730 


0 . 0551 


0.0599 


0.0679 


0.0567 


795 








(-2,1) 


(-2,1) 


(-2,1) 


0.5627 


0.5478 


0.5220 


0.5498 


0.0911 


0.0881 


0 . 0885 


0,0926 


796 








(-1,1) 


(-1,1) 


( -1,1) 


0.4960 


0.4593 


0.4591 


0.4948 


0.0896 


0.0937 


0.0958 


0.0914 


797 








(-.5,1) 


(-.5,1) 


(-.5,1) 


0.5080 


0.4864 


0.4821 


0.4917 


0.0867 


0,0889 


0.0910 


0.0881 


798 








( -.2,1) 


(-.2,1) 


(-.2,1) 


0.5667 


0.5331 


0.5272 


0.5475 


0.0911 


0.0949 


0.0917 


0.0963 
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799 

800 

301 

802 

803 

80 <+ 

805 

806 

807 

808 

809 

810 

811 

812 

813 

814 

815 

816 

817 

818 

819 

820 

821 

822 

823 

824 

825 

826 

827 

828 

829 

830 

831 

832 

833 

834 

835 

836 

837 

338 

839 

840 

841 

842 

843 

844 

845 

846 

847 

848 

849 

850 

851 

852 

853 

854 

855 

856 

857 

858 

859 

860 

861 



(-. 1 , 1 ) 


(-. 1 , 1 ) 


(-. 1 , 1 ) 


0 . 5080 


0.4773 


0.4399 


0.4918 


0.0756 


0.0755 


0.0908 


0.0735 


( 0 , 1 ) 


( 0 , 1 ) 


( 0,1 ) 


0.5240 


0.4708 


0.5062 


0.5026 


0.0769 


0.0785 


0.0753 


0.0776 


( . 1 , 1 ) 


( . 1 , 1 ) 


( . 1 , 1 ) 


0.5280 


0 . 4886 


0.5099 


0.5103 


0.0910 


0 . 0844 


0.0869 


0.0915 


( . 2 , 1 ) 


( . 2 , 1 ) 


( . 2 , 1 ) 


0.5240 


0 . 4865 


0.4074 


0.4990 


0.0727 


0.0662 


0 . 0685 


0.0741 


( . 5 , 1 ) 


( . 5 , 1 ) 


( . 5 , 1 ) 


0.5120 


0.4763 


0.5042 


0.5052 


0.0975 


0.0964 


0.1056 


0.0975 


( 1 , 1 ) 


( 1 , 1 ) 


( 1,1 ) 


0.5367 


0.5509 


0.5641 


0.5803 


0.0929 


0.0952 


0.0979 


0.0914 


( 2 , 1 ) 


( 2 , 1 ) 


( 2 , 1 ) 


0.5373 


0.4951 


0.5150 


0.5314 


0 . 0855 


0.0904 


0.0941 


0.0869 


( 5 , 1 ) 


( 5 , 1 ) 


( 5 , 1 ) 


0.6133 


0.5708 


0.5747 


0.5605 


0.0713 


0.0675 


0.0705 


0.0717 


( 10 , 1 ) 


110 , 1 ) 


( 10 , 1 ) 


0.5040 


0.4726 


0.4652 


0.4966 


0.0833 


0.0835 


0.0966 


0,0804 


( 0 ,. l ) 


( 0 ,. l ) 


( 0 ,. l ) 


0 . 5640 


0.5289 


0.5244 


0.5468 


0 . 0846 


0 . 0854 


0.0734 


0.0866 


( 0 ,. 2 ) 


( 0 ,. 2 ) 


( 0 ,. 2 ) 


0.6000 


0.5793 


0.5710 


0.5957 


0.0849 


0.0872 


0.0911 


0.0841 


( 0 ,. 5 ) 


( 0 ,. 5 ) 


( 0 ,. 5 ) 


0.5200 


0.4955 


0.4920 


0.5029 


0.0941 


0.1034 


0.0999 


0.0928 


( 0 , 1 ) 


( 0 , 1 ) 


( 0 , 1 ) 


0.5227 


0.5110 


0.4817 


0.5052 


0.0703 


0.0715 


0.0761 


0.0676 


( 0 , 2 ) 


( 0 , 2 ) 


( 0 , 2 ) 


0.4760 


0.4497 


0.4388 


0 . 4658 


0.0760 


0.0866 


0.0804 


0.0764 


( 0 , 5 ) 


( 0 , 5 ) 


( 0 , 5 ) 


0.5613 


0.5387 


0.5203 


0.5459 


0.0706 


0.0701 


0.0735 


0.0693 


( 0 , 10 ) 


( 0 , 10 ) 


( 0 , 10 ) 


0.6013 


0.5526 


0.5594 


0.5782 


0.0935 


0.0814 


0.0868 


0.0945 


( 0,1 ) 


( 0 , 1 ) 


(- 10 , 1 ) 


0.0034 


0.0000 


0.0064 


0.0037 


0.0000 


0.0000 


0.0000 


0.0000 






(- 5 , 1 ) 


0.0028 


0.0002 


0.0054 


0.0032 


0.0000 


0.0000 


0.0000 


0.0000 






(- 2 , 1 ) 


0 . 0553 


0 . 0552 


0.0656 


0 . 0563 


0.0059 


0.0055 


0.0096 


0.0059 






(- 1 , 1 ) 


0.2591 


0.2582 


0.2602 


0.2590 


0.0516 


0.0514 


0.0593 


0.0512 






(-. 5 , 1 ) 


0.4991 


0.5016 


0.5125 


0.4965 


0.0774 


0.0785 


0.0725 


0.0754 






(-. 2 , 1 ) 


0.5288 


0.5313 


0.5223 


0.5319 


0.0868 


0.0861 


0.0799 


0.0861 






(-. 1 , 1 ) 


0.4662 


0.4676 


0.4491 


0.4652 


0.0865 


0.0838 


0.0777 


0.0852 






( 0 , 1 ) 


0 . 5048 


0.5041 


0.4986 


0.5045 


0.0825 


0.0831 


0.0818 


0.0842 






( . 1 , 1 ) 


0.5083 


0.5034 


0.4952 


0.5055 


0 . 0841 


0.0819 


0.0761 


0.0835 






( . 2 , 1 ) 


0.5069 


0 . 5050 


0.4965 


0.5072 


0.0847 


0.0835 


0.0836 


0.0851 






( . 5 , 1 ) 


0.3951 


0.3916 


0.3937 


0.3982 


0.0889 


0 . 0888 


0.0736 


0.0906 






( 1 , 1 ) 


0.3289 


0.3285 


0.3135 


0.3287 


0.0766 


0.0767 


0 . 0685 


0.0771 






( 2 , 1 ) 


0.0547 


0.0518 


0.0629 


0.0572 


0.0095 


0.0083 


0.0136 


0.0098 






( 5 , 1 ) 


0.0033 


0.0001 


0.0063 


0.0042 


0.0000 


0.0000 


0.0000 


0.0000 






( 10 , 1 ) 


0.0030 


0.0000 


0.0058 


0.0038 


0.0000 


0.0000 


0.0000 


0.0000 


( 0,1 ) 


( 0 , 1 ) 


( 0 ,. l ) 


0.5360 


0.5764 


0.5131 


0.5864 


0 . 0855 


0 . 0848 


0.0720 


0.0860 






( 0 ,. 2 ) 


0.4869 


0 . 4858 


0 . 4581 


0.4847 


0.0914 


0.0909 


0.0763 


0.0921 






( 0 ,. 5 ) 


0.5077 


0.5024 


0.5023 


0.5115 


0.0835 


0.0824 


0.0826 


0.0831 






( 0 , 1 ) 


0.4737 


0.4752 


0.4702 


0.4745 


0.0961 


0.0963 


0.0801 


0.0962 






( 0 , 2 ) 


0.5608 


0.5556 


0.5889 


0.5653 


0.0780 


0.0750 


0.0669 


0.0761 






( 0 , 5 ) 


0.4596 


0.4435 


0.4855 


0.4608 


0.1128 


0.1041 


0.0923 


0.1129 






( 0,10 ) 


0.4792 


0.4716 


0.4824 


0 . 4803 


0.1230 


0.1118 


0.0866 


0.1236 


( 0 , 1 ) 


( 0 , 1 ) 


(- 10 , 1 ) 


0.0196 


0.0000 


0.0283 


0.0176 


0.0001 


0.0000 


0.0001 


0.0001 






(- 5 , 1 ) 


0.0193 


0.0032 


0.0287 


0.0187 


0.0001 


0.0000 


0.0002 


0.0001 






(- 2 , 1 ) 


0.1069 


0.1026 


0.1152 


0.1075 


0.0140 


0.0160 


0.0214 


0.0146 






(- 1 , 1 ) 


0.2868 


0.2874 


0 . 2840 


0 . 2850 


0.0713 


0.0719 


0.0698 


0.0701 






(-. 5 , 1 ) 


0.5009 


0.4992 


0.5024 


0.5016 


0.0617 


0.0656 


0.0577 


0.0629 






(-. 2 , 1 ) 


0.5407 


0.5477 


0 . 5454 


0.5407 


0.0826 


0.0822 


0.0860 


0.0830 






(-. 1 , 1 ) 


0.4726 


0.4755 


0.4532 


0.4710 


0.0964 


0.0951 


0.0933 


0,0963 






( 0 , 1 ) 


0.5091 


0.5150 


0.5003 


0.5105 


0.0865 


0.0894 


0.0771 


0.0864 






( . 1 , 1 ) 


0.5116 


0.5084 


0.5058 


0.5095 


0.0932 


0 . 0854 


0.0835 


0.0930 






( . 2 , 1 ) 


0.5233 


0.5108 


0.5273 


0.5245 


0.0749 


0.0750 


0.0792 


0.0751 






( . 5 , 1 ) 


0.4242 


0.4203 


0 . 4353 


0.4241 


0.1108 


0.1084 


0.1113 


0.1115 






( 1 , 1 ) 


0.3741 


0.3669 


0.3542 


0.3737 


0.0819 


0.0777 


0.0782 


0.0825 






( 2 , 1 ) 


0.0913 


0.0875 


0.0963 


0.0899 


0.0123 


0.0127 


0.0168 


0.0125 






( 5,1 ) 


0.0202 


0.0015 
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1199 






( 10 , 1 ) 


( 10 , 1 ) 


( 10 , 1 ) 


0.5276 


0.5175 


0.5220 


0.5281 


0.0982 


0.0933 


0.0943 


0.0985 


1200 






( l ,. l ) 


( l ,. l ) 


( l ,. l ) 


0.5466 


0.5359 


0.5600 


0 . 5498 


0.0819 


0.0738 


0.0779 


0.0830 


1201 






( 1 ,. 2 ) 


( 1 ,. 2 ) 


( 1 ,. 2 ) 


0.5082 


0.4884 


0.5129 


0.5031 


0.0895 


0.0750 


0.0928 


0.0895 


1202 






( 1 ,. 5 ) 


( 1 ,. 5 ) 


( 1 ,. 5 ) 


0.5218 


0.5090 


0.5265 


0.5201 


0.0579 


0.0514 


0.0672 


0 . 0588 


1203 






( 1 , 1 ) 


( 1 , 1 ) 


( 1 , 1 ) 


0.4918 


0.4782 


0.4712 


0.4934 


0.0898 


0.0807 


0.0683 


0 . 0888 


1204 






( 1 , 2 ) 


( 1 , 2 ) 


( 1 , 2 ) 


0.4986 


0 . 4886 


0.5391 


0.4986 


0.0944 


0.0834 


0.0809 


0.0934 


1205 






( 1 , 5 ) 


( 1 , 5 ) 


( 1 , 5 ) 


0.5009 


0.4955 


0.4827 


0.5026 


0.0671 


0.0584 


0.0749 


0.0681 


1206 






( 1 , 10 ) 


( 1 , 10 ) 


( 1 , 10 ) 


0.5204 


0.5136 


0.5447 


0.5194 


0.0680 


0.0659 


0.0628 


0.0680 


1207 






( 1 , 1 ) 


( 1 , 1 ) 


( . 1 , 1 ) 


0.4957 


0.3418 


0.4119 


0,5027 


0.1540 


0.0386 


0.1190 


0.1570 


1208 










( . 2 , 1 ) 


0.4601 


0.3711 


0.4122 


0.4609 


0 . 1443 


0.0317 


0.0820 


0,1439 


1209 










( . 5 , 1 ) 


0.4427 


0.4091 


0.4838 


0.4419 


0.0948 


0.0661 


0.0962 


0.0931 


1210 










( 1 , 1 ) 


0.4413 


0.4357 


0.4188 


0.4413 


0.0831 


0.0748 


0.0795 


0.0829 


1211 










( 2 , 1 ) 


0.4718 


0.4522 


0.4770 


0.4710 


0.0932 


0 . 0804 


0.0833 


0.0989 


1212 










( 5 , 1 ) 


0.4778 


0.4582 


0.4326 


0.4784 


0.0953 


0.0819 


0.0641 


0.0940 


1213 










( 10 , 1 ) 


0.4020 


0.3961 


0.3411 


0.4010 


0.0992 


0.0905 


0.0835 


0.0986 


1214 






( 1 , 1 ) 


( 1 , 1 ) 


( l ,. l ) 


0.4775 


0.4647 


0.5073 


0.4820 


0 . 0856 


0.0737 


0.0818 


0.0862 


1215 










( 1 ,. 2 ) 


0.5251 


0.5129 


0.5262 


0.5241 


0.0750 


0.0669 


0.0680 


0.0749 


1216 










( 1 ,. 5 ) 


0.4770 


0.4617 


0.4908 


0.4778 


0.0842 


0.0733 


0.0769 


0 . 0828 


1217 










( 1 , 1 ) 


0.4857 


0.4830 


0.4903 


0.4861 


0.0788 


0.0705 


0 . 0858 


0.0791 


1218 










( 1 , 2 ) 


0.5200 


0.5011 


0.5257 


0.5180 


0.0763 


0.0670 


0.0742 


0.0759 


1219 










( 1 , 5 ) 


0.4785 


0.4686 


0.5018 


0.4823 


0.0790 


0.0734 


0.0811 


0.0794 


1220 










( 1 , 10 ) 


0.4992 


0.4925 


0.4647 


0.4957 


0.0787 


0.0723 


0.0829 


0.0782 


1221 3 


3 


3 


( . 1 , 1 ) 


( . 1 , 1 ) 


( . 1 , 1 ) 


0.5463 


0.4527 


0.5119 


0.5546 


0.0818 


0.0102 


0.0705 


0.0756 


1222 






( . 2 , 1 ) 


( . 2 , 1 ) 


( . 2 , 1 ) 


0.4614 


0.4447 


0.4915 


0.4589 


0 . 0805 


0.0338 


0.0808 


0.0811 


1223 






( . 5 , 1 ) 


( . 5 , 1 ) 


( . 5 , 1 ) 


0.4736 


0.4414 


0.4925 


0.4735 


0.0788 


0.0419 


0.0736 


0.0784 


1224 






( 1 , 1 ) 


( 1 , 1 ) 


( 1 , 1 ) 


0.4299 


0.4286 


0.4442 


0,4311 


0.0871 


0.0801 


0.0721 


0 . 0870 


1225 






( 2 , 1 ) 


( 2 , 1 ) 


( 2 , 1 ) 


0.4613 


0.4660 


0.4692 


0.4632 


0.0816 


0.0823 


0.0832 


0.0809 


1226 






( 1 , 1 ) 


( 5 , 1 ) 


( 5 , 1 ) 


0.5821 


0.5851 


0.5760 


0.5810 


0.0706 


0.0708 


0.0754 


0.0714 


1227 






( 10 , 1 ) 


( 10 , 1 ) 


( 10 , 1 ) 


0.5289 


0.5285 


0.5280 


0.5310 


0.0779 


0.0794 


0.0357 


0.0794 



81 



1228 






( l ,. l ) 


( l ,. l ) 


( l ,. l ) 


0.6014 


1229 






( 1 >. 2 ) 


( 1 ,. 2 ) 


( 1 ,. 2 ) 


0.5300 


1230 






( 1 ,. 5 ) 


( 1 ,. 5 ) 


( 1 ,. 5 ) 


0.5117 


1231 






( 1 , 1 ) 


( 1 , 1 ) 


( 1 , 1 ) 


0.5305 


1232 






( 1 , 2 ^ 


( 1 , 2 ) 


( 1 , 2 ) 


0.4375 


1233 






( 1 , 5 ) 


( 1 , 5 ) 


( 1 , 5 ) 


0.5080 


123 <^ 






( 1 , 10 ) 


( 1 , 10 ) 


( 1 , 10 ) 


0.4833 


1235 






( 1 , 1 ) 


( 1 , 1 ) 


( . 1 , 1 ) 


0.4674 


1236 










( . 2 , 1 ) 


0.5241 


1237 










( . 5 , 1 ) 


0.4691 


1238 










( 1 , 1 ) 


0.5535 


1239 










( 2 , 1 ) 


0.4493 


12<^0 










( 5 , 1 ) 


0.4886 


12^1 










( 10 , 1 ) 


0.5204 


12^2 






( 1 , 1 ) 


( 1 , 1 ) 


( l ,. l ) 


0.5238 


12 « 










( 1 ,. 2 ) 


0.3896 


124 ^ 










( 1 ,. 5 ) 


0.4937 


1Z^>S 










( 1 , 1 ) 


0.4424 


1246 










( 1 , 2 ) 


0.5112 


1247 










( 1 , 5 ) 


0.4291 


1248 










( 1 , 10 ) 


0.4153 


1249 4 


3 


3 


( . 1 , 1 ) 


( . 1 , 1 ) 


( . 1 , 1 ) 


0.5123 


1250 






( . 2 , 1 ) 


( . 2 , 1 ) 


( . 2 , 1 ) 


0.5408 


1251 






( . 5 , 1 ) 


( . 5 , 1 ) 


( . 5 , 1 ) 


0 . 4854 


1252 






( 1 , 1 ) 


( 1 , 1 ) 


( 1 , 1 ) 


0.5771 


1253 






( 2 , 1 ) 


( 2 , 1 ) 


( 2 , 1 ) 


0.4514 


1254 






( 1 , 1 ) 


( 5 , 1 ) 


( 5 , 1 ) 


0.4576 


1255 






( 10 , 1 ) 


( 10 , 1 ) 


( 10 , 1 ) 


0.5224 


1256 






( l ,. l ) 


( l ,. l ) 


( l ,. l ) 


0.5792 


1257 






( 1 ,. 2 ) 


( 1 ,. 2 ) 


( 1 ,. 2 ) 


0.5037 


1258 






( 1 ,. 5 ) 


( 1 ,. 5 ) 


( 1 ,. 5 ) 


0.5074 


1259 






( 1 , 1 ) 


( 1 , 1 ) 


( 1 , 1 ) 


0.4515 


1260 






( 1 , 2 ) 


( 1 , 2 ) 


( 1 , 2 ) 


0.4903 


1261 






( 1 , 5 ) 


( 1 , 5 ) 


( 1 , 5 ) 


0.5478 


1262 






( 1 , 10 ) 


( 1 , 10 ) 


( 1 , 10 ) 


0.4924 


1263 






( 1 , 1 ) 


( 1 , 1 ) 


( . 1 , 1 ) 


0.4043 


1264 










( . 2 , 1 ) 


0.4104 


1265 










( . 5 , 1 ) 


0.4404 


1266 










( 1 , 1 ) 


0.4841 


1267 










( 2 , 1 ) 


0.5786 


1268 










( 5 , 1 ) 


0.5233 


1269 










( 10 , 1 ) 


0.4580 


1270 






( 1 , 1 ) 


( 1 , 1 ) 


( l ,. l ) 


0.4726 


1271 










( 1 ,. 2 ) 


0.5062 


1272 










( 1 ,. 5 ) 


0.5165 


1273 










( 1 , 1 ) 


0.5434 


1274 










( 1 , 2 ) 


0.5302 


1275 










( 1 , 5 ) 


0.4680 


1276 










( 1 , 10 ) 


0.5028 


1277 4 


3 


2 


( . 1 , 1 ) 


( . 1 , 1 ) 


( . 1 , 1 ) 


0.5511 


1278 






( . 2 , 1 ) 


( . 2 , 1 ) 


( . 2 , 1 ) 


0.5642 


1279 






( . 5 , 1 ) 


( . 5 , 1 ) 


( . 5 , 1 ) 


0.5150 


1280 






( 1 , 1 ) 


( 1 , 1 ) 


( 1 , 1 ) 


0.4465 


1281 






( 2 , 1 ) 


( 2 , 1 ) 


( 2 , 1 ) 


0.5265 


1282 






( 5 , 1 ) 


( 5 , 1 ) 


( 5 , 1 ) 


0.4361 


1283 






( 10 , 1 ) 


( 10 , 1 ) 


( 10 , 1 ) 


0.4681 


1284 






( l ,. l ) 


( l ,. l ) 


( l ,. l ) 


0.5423 


1285 






( 1 ,. 2 ) 


( 1 ,. 2 ) 


( 1 ,. 2 ) 


0.4344 


1286 






( 1 ,. 5 ) 


( 1 ,. 5 ) 


( 1 ,. 5 ) 


0.4512 


1287 






( 1 , 1 ) 


( 1 , 1 ) 


( 1 , 1 ) 


0.4746 


1288 






( 1 , 2 ) 


( 1 , 2 ) 


( 1 , 2 ) 


0.5281 



.5744 


0.5714 


0.6041 


0.0912 


0.0772 


0.0698 


0.0916 


.5176 


0.5452 


0.5286 


0.0806 


0.0691 


0.0692 


0.0799 


.5103 


0.5146 


0.5109 


0.0836 


0.0870 


0.0794 


0.0838 


.5201 


0.5089 


0.5296 


0.0821 


0.0717 


0.0751 


0.0826 


.4150 


0.4431 


0.4367 


0.0759 


0.0642 


0.0764 


0.0759 


.5067 


0.4851 


0.5091 


0.0869 


0.0729 


0.0836 


0.0867 


.4766 


0.4560 


0.4842 


0.0764 


0.0638 


0.0647 


0.0778 


.3731 


0.4747 


0.4794 


0.1398 


0.0354 


0.1017 


0.1416 


.3819 


0.4611 


0.5234 


0.1391 


0 . 0447 


0.1044 


0.1381 


.4628 


0.5563 


0.4689 


0.0731 


0.0627 


0.0781 


0.0728 


.5478 


0.5463 


0.5564 


0.0670 


0.0579 


0.0765 


0.0668 


.4385 


0.4245 


0.4504 


0.0993 


0.0905 


0.0778 


0.0992 


.4580 


0.4839 


0.4874 


0.0878 


0.0708 


0.0817 


0 . 0883 


.4965 


0.4688 


0.5219 


0.1029 


0.0906 


0 . 0844 


0.1033 


.5228 


0.5307 


0.5214 


0.0857 


0.0800 


0.0955 


0.0862 


.3809 


0.4055 


0.3918 


0.0792 


0.0638 


0.0869 


0.0783 


.4795 


0.4578 


0.4960 


0.0776 


0.0646 


0.0730 


0.0770 


.4435 


0.4660 


0 . 4403 


0.0774 


0.0685 


0.0911 


0.0758 


.4957 


0.5064 


0.5122 


0.0892 


0.0744 


0.0806 


0.0892 


.4139 


0.4265 


0.4298 


0.0816 


0.0707 


0.0784 


0.0812 


.3985 


0.4637 


0.4148 


0.0616 


0.0525 


0.0706 


0.0602 


.4397 


0.4982 


0.5054 


0.0826 


0.0145 


0.0823 


0.0841 


.4535 


0.5296 


0.5402 


0.1074 


0.0344 


0.0992 


0 . 1074 


.4422 


0.4885 


0.4866 


0.0925 


0.0501 


0.0925 


0.0930 


.5769 


0.5419 


0.5774 


0.0889 


0.0804 


0.0604 


0.0887 


.4560 


0.4473 


0.4508 


0.0699 


0.0714 


0.0710 


0.0693 


.4564 


0.4433 


0.4592 


0.0775 


0.0770 


0.0720 


0.0777 


.5241 


0.5218 


0.5231 


0.0935 


0.0949 


0 . 0840 


0.0937 


.5727 


0.5619 


0.5846 


0.0743 


0.0689 


0.0733 


0.0732 


.5038 


0.5006 


0.5059 


0.0701 


0.0618 


0.0452 


0.0711 


.4775 


0.5554 


0.5100 


0.0943 


0.0675 


0.0672 


0.0961 


.4372 


0.4858 


0.4490 


0 . 0887 


0.0790 


0.1057 


0 . 0883 


.4781 


0.4747 


0.4944 


0.0944 


0.0793 


0.0721 


0.0929 


.5414 


0.5284 


0.5502 


0 . 0850 


0.0788 


0.0909 


0.0852 


.4947 


0.4760 


0.4922 


0.0641 


0.0615 


0.0629 


0.0646 


.3333 


0.4688 


0.3998 


0.0603 


0.0193 


0.0846 


0.0601 


.3659 


0.4640 


0.4108 


0.0802 


0.0423 


0.1010 


0.0812 


.4337 


0.4296 


0.4413 


0.0963 


0.0793 


0 . 0884 


0.0946 


.4723 


0.4381 


0.4825 


0.0714 


0.0644 


0.0712 


0.0712 


.5523 


0.5644 


0.5797 


0.0841 


0.0714 


0.0715 


0.0842 


.5174 


0.5039 


0.5255 


0.0832 


0.0721 


0.0660 


0.0825 


.4343 


0.3828 


0.4560 


0.0987 


0.0823 


0.0673 


0.0972 


.4589 


0.4706 


0.4735 


0.0871 


0.0768 


0.0919 


0.0877 


.4909 


0.5024 


0.5035 


0 . 0855 


0.0722 


0.0794 


0.0856 


.4948 


0.4982 


0.5170 


0.0914 


0.0763 


0.0867 


0.0920 


.5218 


0.5403 


0.5484 


0.0954 


0.0860 


0.0870 


0.0936 


.5180 


0 . 5538 


0.5287 


0 . 0545 


0.0472 


0.0722 


0.0552 


.4596 


0.4809 


0.4689 


0.0853 


0.0687 


0.0750 


0.0871 


.4943 


0.4957 


0.5013 


0.0876 


0.0792 


0.0920 


0.0859 


.4838 


0.5218 


0.5422 


0.0659 


0.0242 


0.0762 


0.0719 


.4973 


0.5277 


0.5618 


0.1004 


0.0437 


0.0951 


0.0997 


.4737 


0.4927 


0.5135 


0.0914 


0.0611 


0.0796 


0.0923 


.4375 


0.4441 


0.4426 


0.1031 


0.0932 


0.0958 


0 . 1045 


.5241 


0.5293 


0.5257 


0.0892 


0.0895 


0.0816 


0.0882 


.4358 


0.4453 


0.4360 


0.0762 


0.0775 


0.0726 


0.0771 


.4653 


0.5025 


0.4705 


0.0765 


0.0726 


0.0703 


0.0763 


.5358 


0.5333 


0.5412 


0.0962 


0.0893 


0.1071 


0.0969 


.4255 


0.4684 


0.4339 


0.0980 


0.0779 


0.0997 


0.0971 


.4543 


0.4448 


0.4502 


0.0849 


0.0748 


0.0707 


0 . 0854 


.4711 


0.4663 


0.4746 


0.0869 


0.0795 


0.0774 


0.0860 


.5204 


0.5166 


0.5299 


0.0821 


0.0709 


0.0896 


0.0816 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



82 



1289 

1290 

1291 

1292 

1293 

129 ^ 

1295 

1296 

1297 

1298 

1299 

1300 

1301 

1302 

1303 

1304 



1 , 5 ) 


( 1 , 5 ) 


( 1 , 5 ) 


0.4910 


0.4873 


0.4616 


0.4941 


0.0708 


0.0611 


0.0749 


0.0720 


1 , 10 ) 


( 1 , 10 ) 


( 1 , 10 ) 


0.5538 


0.5389 


0.5524 


0.5544 


0.0785 


0.0695 


0.0803 


0.0779 


1 , 1 ) 


( 1 , 1 ) 


( . 1 , 1 ) 


0.2360 


0.2383 


0.4447 


0.2333 


0.0339 


0.0281 


0.1201 


0.0355 






( . 2 , 1 ) 


0.3113 


0.3140 


0.4770 


0.3131 


0.0520 


0.0416 


0.1199 


0.0535 






( . 5 , 1 ) 


0.3734 


0.3696 


0.3474 


0.3769 


0.0585 


0.0500 


0.0731 


0.0596 






( 1 , 1 ) 


0.4834 


0.4745 


0.5118 


0.4801 


0.0745 


0.0656 


0.0755 


0.0740 






( 2 , 1 ) 


0.5292 


0.5126 


0.5168 


0.5320 


0.0743 


0.0650 


0.0750 


0.0739 






( 5 , 1 ) 


0.5762 


0.5626 


0.5600 


0.5789 


0.0790 


0.0734 


0.0891 


0.0788 






( 10 , 1 ) 


0.5688 


0.5588 


0.5097 


0.5702 


0.0336 


0.0746 


0.0787 


0.0841 


1 , 1 ) 


( 1 , 1 ) 


( l ,. l ) 


0.5697 


0.5615 


0.5773 


0.5672 


0.0683 


0.0611 


0.0757 


0.0684 






( 1 ,. 2 ) 


0.5543 


0 . 5468 


0.5128 


0 . 5551 


0.1034 


0.0947 


0.0835 


0.1043 






( 1 ,. 5 ) 


0 . 4883 


0.4795 


0.5264 


0.4887 


0.0639 


0.0531 


0.0784 


0 . 0645 






( 1 , 1 ) 


0.4579 


0.4597 


0.5006 


0.4577 


0.0761 


0.0683 


0 . 0856 


0,0761 






( 1 , 2 ) 


0.5148 


0.5039 


0.4998 


0.5164 


0 . 0874 


0.0755 


0.1056 


0.0860 






( 1 , 5 ) 


0.4719 


0.4673 


0.4516 


0.4723 


0.0877 


0.0774 


0.0892 


0 . 0874 






( 1 , 10 ) 


0.4850 


0.4720 


0.4599 


0.4850 


0.0705 


0.0557 


0.0700 


0.0717 
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APPENDIX F 

ANOVA APPROXIMATE TEST 



NUMBER OF ITERATIONS: SO 

SAMPLE DISTRIBUTION: N(0,1) 



SAMPLE 

SIZES 

CASE 123 

1305 222 

1306 

1307 

1308 

1309 

1310 

1311 

1312 

1313 
131 ^ 

1315 

1316 

1317 

1318 

1319 

1320 

1321 

1322 

1323 

1324 333 

1325 

1326 

1327 

1328 

1329 

1330 

1331 

1332 

1333 

1334 

1335 

1336 

1337 

1338 

1339 

1340 

1341 

1342 

1343 444 

1344 

1345 

1346 

1347 

1348 

1349 

1350 

1351 

1352 

1353 

1354 

1355 

1356 



P 



200 


0.5107 


300 


0.5333 


400 


0.5000 


500 


0.4600 


600 


0.5640 


700 


0.5400 


800 


0.4880 


900 


0.5520 


1000 


0.5773 


1100 


0.5533 


1200 


0.5440 


1300 


0.4693 


1400 


0.5227 


1500 


0.5013 


1600 


0.5040 


1700 


0.5267 


1800 


0.5680 


1900 


0.5053 


2000 


0.5453 


200 


0.5176 


300 


0.4715 


400 


0.5566 


500 


0.5266 


600 


0.5278 


700 


0.4971 


800 


0.5461 


900 


0.5516 


1000 


0.4421 


1100 


0.4595 


1200 


0.5464 


1300 


0.5525 


1400 


0.4419 


1500 


0.5340 


1600 


0.4721 


1700 


0.4378 


1800 


0,5346 


1900 


0.5466 


2000 


0.4709 


200 


0.5439 


300 


0.4470 


400 


0.5044 


500 


0.5313 


600 


0.5617 


700 


0.5188 


800 


0.4660 


900 


0.5048 


1000 


0.5151 


1100 


0.5222 


1200 


0.4844 


1300 


0.5636 


1400 


0.4731 


1500 


0.5429 



AVERAGES 
F K 



0.4718 


0.4696 


0.5063 


0.5032 


0.4585 


0.4672 


0.4281 


0.4248 


0.5282 


0.5045 


0.5021 


0.5159 


0.4509 


0.4504 


0.5043 


0.4970 


0.5424 


0.5470 


0.5183 


0.5277 


0.5072 


0.5123 


0.4423 


0.4330 


0.4695 


0.4985 


0.4663 


0.4539 


0.4732 


0.4816 


0.4936 


0.4975 


0.5281 


0.5372 


0.4649 


0.4685 


0.5051 


0.5326 


0.5102 


0.5375 


0.4711 


0.4904 


0.5540 


0.5402 


0.5270 


0.5211 


0.5241 


0.5263 


0.4974 


0.5040 


0.5431 


0.5487 


0.5582 


0.5237 


0.4369 


0.4540 


0.4627 


0.4540 


0.5464 


0.5516 


0.5527 


0.5501 


0.4374 


0.4245 


0.5383 


0.5138 


0.4727 


0.4510 


0.4366 


0.4197 


0.5264 


0.5422 


0.5451 


0.5645 


0.4672 


0.4619 


0.5409 


0.5429 


0.4480 


0.4343 


0.5028 


0.4994 


0.5298 


0.5205 


0.5631 


0.5639 


0.5209 


0.5215 


0.4688 


0.4478 


0.5041 


0.4986 


0.5124 


0.5089 


0.5222 


0.5334 


0.4831 


0.4897 


0.5579 


0.5232 


0.4745 


0.4735 


0.5424 


0.5489 



A R 



0.4912 


0.0692 


0.5207 


0.0798 


0.4864 


0.0668 


0.4356 


0.0659 


0.5470 


0.0641 


0.5208 


0.0790 


0.4630 


0.0841 


0.5356 


0.0833 


0.5568 


0.0865 


0.5326 


0.0697 


0.5243 


0.0841 


0.9528 


0.0883 


0.5043 


0.1022 


0.4804 


0.0713 


0.4853 


0 . 0646 


0.5044 


0.0875 


0.5477 


0.0768 


0.4853 


0.0693 


0.5263 


0.0778 


0.5209 


0.0771 


0.4678 


0.0853 


0.5565 


0.0745 


0.5215 


0.0926 


0.5257 


0.0947 


0.4940 


0.0785 


0.5493 


0.0786 


0.5468 


0.0822 


0.4414 


0.0876 


0.4575 


0.0742 


0.5468 


0.0811 


0.5492 


0.0671 


0.4407 


0.0833 


0.5300 


0.0885 


0.4732 


0.0789 


0.4360 


0.0736 


0.5345 


0.0797 


0.5469 


0.0838 


0.4702 


0.0844 


0.5476 


0.0789 


0.4488 


0.1017 


0.5067 


0.0754 


0.5250 


0 . 0804 


0.5613 


0.0772 


0.5203 


0.0821 


0.4668 


0.0859 


0.5042 


0.0825 


0.5172 


0 . 0846 


0.5204 


0.0787 


0.4840 


0.0886 


0.5632 


0.0850 


0.4734 


0.0733 


0.5442 


0.0830 



VARIANCES 
F K 



0.0795 


0.0725 


0.0771 


0.0876 


0.0672 


0.0744 


0.0660 


0.0728 


0.0747 


0.0703 


0.0817 


0.0833 


0.0797 


0.0840 


0.0893 


0.0862 


0.0886 


0.0891 


0.0801 


0.0862 


0.0870 


0.0853 


0.0928 


0.0867 


C.0977 


0.1007 


0.0738 


0.0756 


0.0307 


0.0753 


0.0866 


0.0929 


0.0787 


0.0803 


0.0731 


0.0709 


0.0713 


0.0836 


0.0800 


0.0735 


0.0864 


0.0772 


0.0756 


0.0729 


0.0961 


0.0886 


0.0928 


0 . 0846 


0.0770 


0.0825 


0.0815 


0.0726 


0.0838 


0.0725 


0.0822 


0.0903 


0.0751 


0.0765 


0 . 0808 


0.0747 


0.0671 


0.0660 


0.0853 


0.0835 


0.0915 


0.0886 


0.0818 


0.0756 


0.0735 


0.0657 


0.0778 


0,0822 


0.0856 


0.0760 


0.0859 


0.0707 


0.0780 


0.0832 


0.1039 


0.0841 


0.0733 


0.0671 


0.0809 


0.0790 


0.0773 


0.0752 


0.0824 


0.0779 


0.0834 


0.0802 


0.0831 


0.0818 


0.0833 


0.0728 


0.0778 


0.0744 


0.0882 


0.0766 


0 . 0847 


0.0744 


0.0740 


0.0677 


0.0820 


0 . 0845 



A 

0.0723 

0.0822 

0.0654 

0.0681 

0.0631 

0.0801 

0.0816 

0.0841 

0.0867 

0.0679 

0.0868 

0.0881 

0.0993 

0.0727 

0.0648 

0.0862 

0.0750 

0.0702 

0.0747 

0.0758 

0.0859 

0.0727 

0.0939 

0.0956 

0.0785 

0.0790 

0.0813 

0.0877 

0.0730 

0.0810 

0.G666 

0.0819 

0.0880 

0.0790 

0.0734 

0.0790 

0.0836 

0.0841 

0.0769 

0.1016 

0.0733 

0.0813 

0.0787 

0.0816 

0.0861 

0.0828 

0.0852 

0.0790 

0.0894 

0.0845 

0.0738 

0.0828 
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1357 






1600 


0.4354 


0.4373 


0.4546 


0.4381 


0.0969 


0.0956 


0.0997 


0.0970 


1358 






1700 


0.5350 


0.5335 


0.5323 


0.5350 


0.0681 


0.0690 


0.0755 


0.0681 


1359 






1800 


0.4658 


0.4645 


0.4730 


0.4658 


0.0714 


0.0708 


0.0708 


0.0708 


1360 






1900 


0.5296 


0.5280 


0.5384 


0.5295 


0.0819 


0.0817 


0 . 0803 


0.0821 


1361 






2000 


0.4737 


0.4752 


0.4702 


0.4747 


0.0961 


0.0963 


0.0801 


0.0956 


1362 4 


4 


3 


200 


0.5788 


0.5782 


0.5555 


0.5793 


0.0790 


0.0781 


0.0709 


0.0790 


1363 






300 


0.4439 


0.4444 


0.4249 


0.4471 


0.1054 


0.1061 


0.0944 


0.1063 


1364 






400 


0.4743 


0.4735 


0.4688 


0.4743 


0.0767 


0.0761 


0.0705 


0.0767 


1365 






500 


0.4935 


0.4898 


0.4952 


0.4944 


0 . 0846 


0.0859 


0.0838 


0.0814 


1366 






6C0 


0 . 5383 


0.5385 


0.5406 


0.5404 


0.0788 


0.0802 


0.0840 


0.0794 


1367 






700 


0.5192 


0.5238 


0.53S4 


0.5201 


0 . 0844 


0 . 0847 


0.0755 


0.0839 


1368 






800 


0.4828 


0.4893 


0 . 4800 


0.4835 


0 . 0883 


0.0867 


0 . 0883 


0.0885 


1369 






900 


0.5029 


0.5005 


0.4972 


0.5023 


0.0839 


0 . 0847 


0.0836 


0.0826 


1370 






1000 


0.5334 


0.5314 


0.5477 


0.5312 


0.0801 


0.0771 


0.0766 


0.0805 


1371 






1100 


0.5365 


0.5316 


0.5403 


0.5351 


0.0798 


0.0790 


0.0737 


0 . 0804 


1372 






1200 


0.4634 


0.4637 


0.4746 


0.9633 


0.0730 


0.0737 


0 . 0658 


0.0716 


1373 






1300 


0.5694 


0.5667 


0.5263 


0.5683 


0.0819 


0.0815 


0.0754 


0.0819 


1374 






1400 


0.4914 


0.4932 


0.4771 


0.4928 


0.0761 


0.0782 


0.0743 


0.0755 


1375 






1500 


0.5443 


0.5447 


0.5383 


0.5466 


0.0743 


0.0736 


0.0724 


0.0748 


1376 






1600 


0.4690 


0.4666 


0.4763 


0.4700 


0.0904 


0.0896 


0.0925 


0.0914 


1377 






1700 


0.5599 


0.5582 


0.5611 


0.5603 


0.0764 


0.0757 


0.0813 


0.0763 


1378 






1800 


0.5076 


0 . 5044 


0.5014 


0.5084 


0.0822 


0.0821 


0.0734 


0.0812 


1379 






1900 


0.5152 


0.5156 


0.5161 


0.5129 


0 . 0800 


0.0797 


0.0813 


0.0804 


1380 






2000 


0.4785 


0.4757 


0.4690 


0.4795 


0.1028 


0.1017 


0.0910 


0.1013 


1381 4 


4 


2 


200 


0.4629 


0.4635 


0.4594 


0.4678 


0.0919 


0.0920 


0.0788 


0.0924 


1382 






300 


0.5153 


0.5188 


0.4840 


0.5223 


0.0825 


0.0862 


0.0677 


0.0826 


1383 






400 


0.5244 


0.5240 


0.5083 


0.5264 


0.0748 


0.0769 


0.0755 


0.0734 


1384 






500 


0.5293 


0.5241 


0.5178 


0.5306 


0.0848 


0 . 0840 


0.0858 


0 . 0848 


1385 






600 


0.5642 


0.5626 


0.5504 


0.5651 


0.0710 


0.0722 


0.0723 


0.0701 


1386 






700 


0.5329 


0.5316 


0.5573 


0.5310 


0.0827 


0.0841 


0.0823 


0.0828 


1387 






800 


0.4831 


0.4864 


0.5013 


0.4830 


0.0880 


0 . 0874 


0.0905 


0.0869 


1388 






900 


0.4740 


0.4723 


0.4849 


0.4709 


0.0841 


0.0861 


0.0946 


0.0844 


1389 






1000 


0.4449 


0.4458 


0.4751 


0.4447 


0.0763 


0.0762 


0 . 0847 


0.0767 


1390 






1100 


0.5097 


0.5076 


0.5109 


0.5111 


0.0687 


0.0692 


0.0689 


0.0677 


1391 






1200 


0.5007 


0.4970 


0.4770 


0.5028 


0.0796 


0.0771 


0.0801 


0.0808 


1392 






1300 


0.5550 


0.5537 


0.5576 


0.5552 


0.0772 


0.0764 


0.0768 


0.0777 


1393 






1400 


0.4457 


0.4440 


0.4269 


0.4455 


0.0925 


0.0926 


0.0836 


0.0934 


1394 






1500 


0.5050 


0.5051 


0.4869 


0.5053 


0.0670 


0.0679 


0.0644 


0.0656 


1395 






1600 


0.5003 


0.4949 


0.5219 


0.4991 


0.0736 


0.0713 


0.0733 


0.0735 


1396 






1700 


0.4807 


0.4798 


0.4907 


0.4802 


0.0972 


0.0973 


0.0960 


0.0983 


1397 






1800 


0.5749 


0.5761 


0.5744 


0.5763 


0.0921 


0.0897 


0.0873 


0.0918 


1398 






1900 


0.4995 


0.5016 


0.5104 


0.4990 


0.0782 


0.0801 


0.0875 


0.0783 


1399 






2000 


0.5142 


0.5168 


0.5165 


0.5137 


0.0895 


0.0918 


0.0849 


0.0896 


1400 4 


3 


3 


200 


0.5566 


0.5599 


0.5380 


0.5572 


0.0893 


0.0908 


0.0701 


0.0894 


1401 






300 


0.4677 


0.4676 


0.4570 


0.4711 


0.0982 


0.0993 


0.0952 


0.0991 


1402 






400 


0.4536 


0.4544 


0.4619 


0.4560 


0.0651 


0.0676 


0.0677 


0.0668 


1403 






500 


0.5327 


0.5331 


0.5408 


0.5327 


0.0878 


0.0887 


0.0888 


0.0865 


1404 






600 


0.5411 


0.5400 


0.5443 


0.5452 


0.0726 


0.0746 


0.0768 


0.0733 


1405 






700 


0.5371 


0.5410 


0.5493 


0.5371 


0.0839 


0 . 0843 


0.0800 


0.0859 


1406 






800 


0.4910 


0.4989 


0.4680 


0.4911 


0.0859 


0.0825 


0.0786 


0.0849 


1407 






900 


0.5220 


0.5203 


0.5166 


0.5202 


0.0980 


0.0992 


0.0942 


0.0984 


1408 






1000 


0.5126 


0.5080 


0.5152 


0.5117 


0 . 0856 


0.0813 


0.0859 


0.0862 


1409 






1100 


0.5532 


0.5422 


0.5716 


0.5527 


0.0715 


0 . 0685 


0.0706 


0.0710 


1410 






1200 


0.4565 


0.4555 


0.4773 


0.4610 


0.0757 


0.0757 


0.0629 


0.0759 


1411 






1300 


0.5337 


0.5341 


0.5197 


0.5337 


0.0792 


0.0773 


0.0750 


0.0797 


1412 






1400 


0.5039 


0.5066 


0.5015 


0.5030 


0.0839 


0.0842 


0.0813 


0.0822 


1413 






1500 


0.5499 


0.5493 


0.5359 


0.5494 


0.0764 


0.0782 


0.0671 


0.0756 


1414 






1600 


0.5079 


0.5069 


0.5007 


0.5066 


0.0921 


0.0893 


0.0852 


0.0911 


1415 






1700 


0.5544 


0.5524 


0.5529 


0.5557 


0.0731 


0.0747 


0.0791 


0.0737 


1416 






1800 


0.5235 


0.5231 


0.5327 


0.5261 


0.0808 


0.0829 


0.0674 


0.0817 


1417 






1900 


0.5328 


0.5304 


0.5181 


0.5350 


0.0820 


0.0811 


0.0772 


0.0821 


1418 






2000 


0.4305 


0.4288 


0.4390 


0.4319 


0 . 0845 


0.0847 


0.0851 


0.0841 


1419 4 


3 


2 


200 


0.5407 


0.5479 


0.5273 


0.5382 


0.0853 


0.0851 


0.0813 


0.0887 


1420 






300 


0.5112 


0.5106 


0.5328 


0.5144 


0.0720 


0.0727 


0.0735 


0.0714 


1421 






400 


0.5167 


0.5169 


0.4893 


0.5186 


0.0876 


0.0859 


0.0838 


0.0858 
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1^22 


500 


0.5202 


0.5197 


0.5251 


0.5231 


0.0857 


0.0847 


0.0879 


0.0859 


1^23 


600 


0.5395 


0.5443 


0.5075 


0.5411 


0 . 0855 


0.0874 


0.0764 


0 . 0840 


1-^24 


700 


0.5033 


0.5094 


0.4970 


0.5059 


0.0750 


0.0732 


0.0869 


0.0749 


1^25 


600 


0.4392 


0.4347 


0.4353 


0.4389 


0.0961 


0.0989 


0.0879 


0.0958 


l <^26 


900 


0,4753 


0.4766 


0.4634 


0.4741 


0.0764 


0.0784 


0.0731 


0.0758 


1^27 


1000 


0.4477 


0.4457 


0.4631 


0.4493 


0.0866 


0.0865 


0.0888 


0 . 0854 


1^28 


1100 


0.5274 


0.5230 


0.5300 


0.5281 


0.0724 


0.0711 


0.0665 


0.0731 


1429 


1200 


0.5902 


0.5897 


0.5907 


0.5909 


0.1023 


0.1032 


0.1053 


0.1019 


1430 


1300 


0.5174 


0.5217 


0.5170 


0.5175 


0.0878 


0 . 0884 


0.0853 


0.0887 


1431 


1400 


0.4495 


0.4462 


0.4421 


0.4506 


0 . 0864 


0 . 0853 


0.0881 


0.0861 


1432 


1500 


0.5223 


0.5195 


0.5062 


0.5217 


0.0916 


0.0905 


0.0809 


0.0933 


1433 


1600 


0.4932 


0.4891 


0.4918 


0.4908 


0.1116 


0.1116 


0 . 1084 


0.1110 


1434 


1700 


0.5411 


0.5431 


0.5276 


0.5410 


0.0926 


0.0933 


0.0898 


0.0919 


1435 


1600 


0.4385 


0.4387 


0.4465 


0.4387 


0.0875 


0 . 0858 


0.0878 


0 . 0875 


1436 


1900 


0.5099 


0.5100 


0.4984 


0.5099 


0.0911 


0.0915 


0.0932 


0.0914 


1437 


2000 


0.5595 


0.5572 


0.5724 


0 . 5574 


0 . 0885 


0.0895 


0.0921 


0.0881 
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